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ABSTRACT 


Experiments were conducted to study the ketogenicity of various 
fats for the chick. Initially experiments were conducted to compare the 
ketogenicity of a saturated fat, coconut oil, and an unsaturated fat, soy- 


bean oil. Subsequently the effect of a vitamin B deficiency on the 


a BZ 
ketogenicity of beef tallow and safflower oil was studied. 

Results of these experiments showed that substitution of the 
polyunsaturated fats, safflower oil and soybean oil, for the saturated 
fats, beef tallow and coconut oil, did not reduce levels of blood ketone 
bodies nor increase levels of liver glycogen in chicks fed "“carbohydrate- 
free” diets. These results show that polyunsaturated fats are just as 
ketogenic as saturated fats and do not indicate that propionyl CoA is 
formed in the oxidation of polyunsaturated fatty acids. In subsequent 
studies, the failure of a vitamin B deficiency, produced by deleting 
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vitamin Bio from a diet low in one carbon units, to increase the keto- 
genicity of aks tallow and safflower oil also suggests that propionyl 
CoA is not formed in the oxidation of polyunsaturated fatty acids. 

The effects of supplementing chick diets with sodium propionate 
were also studied. Results showed that the addition of sodium propionate 
to “carbohydrate-free" diets in which non-protein energy was supplied by 
either safflower oil or beef tallow did not affect level of blood lactic 
acid but caused a reduction in levels of both blood ketone bodies and 
liver glycogen which was most marked in the absence of supplementary 
vitamin Bio: 


In the course of these experiments it was observed-that chicks 


fed “carbohydrate-free" diets containing coconut oil grew slightly but 
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significantly slower and had higher levels of liver glycogen than chicks 
fed "carbohydrate-free" diets containing soybean oil. The growth depress- 
ing property of coconut oil was accentuated when glycerol was deleted 
from the diet by substituting coconut fatty acids for coconut oil and, in 
contrast to soybean fatty acids, the growth depressing property of coco- 
nut fatty acids was not overcome by the addition of glucose. Studies 
showed that the growth depressing property of coconut oil and coconut 
fatty acids was not due to reduced absorbability since these lipids were 
shown to be absorbed to 99 and 92%, respectively. Whether lauric and 
myristic acids contributed to the growth depression observed when chicks 
were fed diets containing coconut oil and coconut fatty acids is unknown. 
Results of these studies do not support the hypothesis that 
polyunsaturated fats are metabolized via propionyl CoA and negate the 
possibility that the increased requirement for vitamin Bio observed when 
chicks are fed high fat-"carbohydrate-free" diets is due to an increased 
need for the cofactor for methylmalonyl CoA mutase. Thus the question 
of why the chick's requirement for vitamin B is increased when fat is 
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substituted isocalorically for glucose remains unanswered. 


a 
oe 2 eee | 

ero | etn ms ane ees?) 
TAS ord Saal al 7 


bh he einen . fiona” quis-eyt ort ees ot a0 
7 : a > : 
mane WS arsarty a seeded aiaenet. ‘ 
mth? wnuoailé the alt q) Saver ae sam attan eave man | 
oe intatie Ap, 19 eam s gritnet ape ee? mes are 
oaud Airuhl: vOmtT, Uyni> Koleled Pane Sawpbes va ne ww eH Os Ie 
nee est ee eg avetnegeed (Tre Ne WY br eines O68 a9 wie 
vittiky ade Gerrrande ‘he ery Woks VO) COM ey Bios staat tee 


wainive @ Gi Otht Wino ty be ‘tote eeininins ©7688 | _— 7 
= 


2/01 moegrugnd 82) Coemiits We nis oa thert4 sisi Tm ost ees 
q0: «:0¢m@ en’ oe) Tyant= > terTisaiom) 4iu avd Boee wtnieaielen 
puis Gor reill it gis * sirst) coer) SO) J6n) ski aeeeel 
Reneovers ce ©) fds ad SONY “05? PerP Tian Re 267 Sis verte 
enieqeip pit’ lets weagm ©. iqalant at é wG@ielts GH wee Rees 
al) 7E) Fa™® Reaneey | ag? mbas to? 06> aimed lopee |e Fitts tty aie 7. 
( PYASNO ets” op spews, Gi Cihaalmlswnar icons taQip 


ACKNOWLEDGMENTS 


The author wishes to thank Dr. Ruth Renner, Professor of 
Nutrition, School of Household Economics, for her invaluable guidance 
which was freely given at all times. Thanks are also extended to Dr. 
BE. A. Donald, Dr. Z. Hawrysh and Dr. M. E. Stiles whose interest and 
constructive discussion was much appreciated. 

The technical assistance of Mr. A. Cheung, of the School 
of Household Economics, and Mr. W. Giese, of the Department of Animal 
Science, is also gratefully acknowledged. The assistance of Mrs. C. 
Land in the typing of this manuscript is greatly appreciated. 

Special thanks is due to the author's husband for his patience 
and understanding. 

Financial assistance from the National Research Council of 


Canada is also gratefully acknowledged. 


er ro vy 
a means see walt 4 ‘p -0 tim torrnean 2 tad oA F 
Rory herege jim am meyergih aeliags2ens5 
Cenc oe hh he CG . + ole Vi ae Poteet Per) adbet ant : 
dane Oe apeeriiip® sili de gael AP pep eolemmnas Niedastentt Ww 
ee re Beterecatnn + hyiaay hi at orate’ 


warehCa ¢fSam af in) nifty enh Go quilgad at ad Gyed 
amenities ns —— a! ene of, @imth oo wear) leteea? 

7 | we @niny tee 
Ce bien! Hee Gunn ogi tes! ( ate teiomm tapednet? 


dt anaes 9 Cle ipthaR veda: ak ‘whaae5 


INYRODUCTION 


LITERATURE REVIEW 


EXPERIMENT I 


EXPERIMENT I1 


EXPERIMENT IIT 


EXPERIMENT IV 


GENERAL DISCUSSION 


SUMMARY 


BIBLIOGRAPHY 


TABLE OF CONTENTS 


Wwe a at 


Pace 


20 


30 


4} 


47 


50 


TABLE 


TABLE 


TABLE 
TABLE 


TABLE 
TABLE 


TABLE 
TABLE 


TABLE 


TABLE 


LOS 


1S 


be 


LIST OF TABLES 


Composition of high carbohydrate diet 
Composition of diets 


Growth and caloric efficiency of chicks 
fed carbohydrate-containing and 'carbo- 
hydrate-free" diets 


Metabolic effects of feeding various fats 
to the chick 


Growth and caloric efficiency of chicks 
fed carbohydrate-containing and "carbo- 
hydrate~free" diets 


Growth and caloric efficiency of chicks 
fed carbohydrate-containing and '"carbo- 
hydrate-free" diets 


Metabolic effects of feeding various fats 
to the chick 


fetabolic effects of feeding various fats 
to the chick 


Composition of high carbohydrate diet 
Composition of diets 

Growth and caloric efficiency of chicks 
fed carbohydrate-containing and "carbo- 
hydrate-free'' diets containing two levels 
of dietary vitamin B and two levels of 


P ile 
Na propionate 


Metabolic effects of feeding diets con- 


taining various fats, two levels of vitamin 
and two levels of Na propionate to the 


B 
ick 


Sek, TL aL 


15 


16 


22 


24 


EM 


33 


33 


af 


ie se i ae eae a 


a 7 = _ “ j 7 
ae ' oe - ~~ 7 


— 


see 1 Med 


_ ’ 7 
a 7 - a 
| a 
x ? 
ie Vv _ - : 
7 a 7 
’ ) 1608 a) ee Tete mou Dr _ isenwa2 vel S2AaF 
: 
, [14h Sn arlaienew -€ S.A8Ay 
> 7 - 
? = 7 
tin louvaemlioe lle 4hnteo Gre Giga a JIRA : 
> 7 i hi on , De ~TO Bi ij vthe@ 16 "nts 6e° _ 
49412 mt ial west 
7 _ 
ié@ ‘ ie ose : *a 118° ips Pas - IGT : 
C 
7 
7 
' = om , . pe ’ Py ejaLy 
o Stu Ee | 7 : , 
Ve ‘ 
eh Ad ' tan . @ @5ea% 7 
? ‘ @ 
, 
’ — 7 @ 7 
tae J oa) u wins? Y Saas 
i 9 : q 
Oo) ’ 3 fon c¢ si ’ 348 
) $ a 
is } mo ? 
-_ -_ 
7 ‘ A 
4 214)U “a Mi) stages Hi ar 
7 —ed i> if eas 72 >3qumian & fS4nsa 8} Leal 
® : loth Al SGA/ 1 ? HAVA bas : 9 
: mi Cart PAOD iwn@ @- erg * ayT=sgenby 
: 7 ; ‘> #2a@ | Gee ‘Wer _) GChbris ease lt tc 
- - - ® ; itd “A Aa St : 
: | haere 
ir as ‘as oll, path W pitas Aitemmew! 4c! aseay 


en me ov VA ahaer) ov 610) Miata —* 
- a ar a sr etneny; | n Ty oS we. A 


TABLE 13. 


TABLE 14. 


Growth and caloric efficiency of chicks 

fed carbohydrate-containing and "'carbo- 
hydrate~free" diets containing two levels 

of dietary vitamin B,5 and two levels of 

Na propionate 42 


Metabolic effects of feeding diets con- 

taining various fats, two levels of vitamin 
By 9 and two levels of Na propionate to the 
chick 44 


aL 


ali one 


7 
So 
* i a 
7 - 7 
’ a ibs ; ; 77 ; _ x - 
a ms = * 
S : oe 
: weet? : ; ee 
adubits Ss yea ltiaalaio: Hresteawd (ff SACRE, 5 
. ih an” tee pit eeee eae shefelike Se 
slwes.¢ » ealansalines asgnp ~ oa! > Serdert 
jn QIQUHE Gt LAs. Q4> HimeIeP eee % 
é es “ie (AG of¥ 
; | 7 
: TiO. thaws iG agive! 18 Afudende oP iia a? 
aie} i. ef ive ,ere* i ive behead - 
Sp als tel a | oe elix : 7 i> 


y 7 F " 


INTRODUCTION 


Previous investigations have shown that the chick can sustain 
normal growth on a high fat, "carbohydrate-free" diet if nutrient bal- 
ance is maintained (Renner, 1964; Renner and Elcombe, 1964, 1967; 
Braumoita end Hitt 1966,. 196/:-Seott etal, 1969). —Loot, (1971),,7 study— 


ing the chick's requirement for vitamin B observed that chicks fed a 
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high fat diet containing hydrogenated fat (Crisco) required three times 


as much vitamin Bio in their diet to achieve maximum growth as that re- 


quired by chicks fed a high carbohydrate diet. Only two functions of 


vitamin Bio in animal metabolism have been well established. One of 


these is the role of vitamin Bio in the biosynthesis of labile methyl 


groups by which methionine is synthesized from homocysteine. Looi's 
experiments showed that the increased requirement for vitamin Bio that 
she observed was not a reflection of an increased need for methionine. 
The other known function of vitamin Bi» in animal tissues is 
its role in the metabolism of propionate. The conversion of propionyl 
CoA to succinyl CoA is a two-step process in which vitamin Bio is an 
essential coenzyme. Sinclair (1964) proposed a pathway for unsaturated 
fatty acid metabolism which involved propionyl CoA as an intermediate. 
Whether production of propionyl CoA during oxidation of un- 
saturated fatty acids contributes to the increased requirement for 
vitamin Bio observed by Looi (1971) when fat was substituted isocalorical- 
ly for carbohydrate forms the basis of the following experiments. Ini- 
tially experiments were conducted to compare the ketogenicity of satur- 
ated and unsaturated fats for the chick. Subsequently the effect of a 
vitamin Bio deficiency on the ketogenicity of a saturated and an unsat- 


urated fat was studied. 
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LITERATURE REVIEW 


Recent studies (Looi, 1971) have shown that the requirement 


of shetchick for vitamin Bio was increased from 9 pg/kg of diet to 


27 ug/kg of diet when hydrogenated fat (Crisco) was substituted iso- 
calorically for glucose. In studies to determine why the chick's re- 


quirement for vitamin B 9 Was increased when non-protein energy was 


au 


supplied by fat, Looi (1971) showed that the increased requirement was 
not due to an increased requirement for methionine. She also showed 


that vitamin Bi5 wes not involved in either fat digestion or fat ab- 


sorption and her studies suggested that vitamin Bio was not involved in 


the oxidation of acetate. Thus, the reason why the isocaloric substi- 
tution of fat for carbohydrate increases the chick's requirement for 


vitamin Boo memains Cor be elucidated. 


Previous studies had implicated vitamin Bio in the metabolism 


of fat. Thus, Mooré and Doran (1962) showed that vitamin B deficiency 


12 
interfered with the utilization of triglycerides in the liver of chick 
embryos. Similarly, Williams et al. (1937) found that the utilization 
of plasma triglycerides was impaired in patients suffering from perni- 


cious anemia. 
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its role as coenzyme in the isomerization of methylmalonyl CoA to suc- 
cinyl CoA (Lengyel et al., 1960). That the formation of methylmalonyl 
CoA in catabolism increases the rat's requirement for vitamin By» was 
shown by Dryden and Hartman (1971) in studies to determine why vitamin 
B requirement was increased 7.5-fold when dietary protein was in- 
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creased from 25 to 65%. Results of their studies indicated that the 
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amino acids isoleucine, threonine and valine contributed to the growth 
depression observed when rats were fed high casein, vitamin Bj j~deficient 
rations. Since methylmalonyl CoA is formed in the normal catabolism of 
isoleucine, threonine and valine, these results suggest an explanation 
for the increased vitamin Bio requirement of rats fed high protein diets. 

Methylmalonyl CoA is also formed during the metabolism of 
propionate (Flavin and Ochoa, 1957). Known sources of propionate in 
animal metabolism are fatty acids containing an uneven number of carbon 
atoms (Kaziro and Ochoa, 1964), the pyrimidine bases uracil and thymine 
(Contreras, and Giorgio, 1972), and, in the case of ruminants, bacterial 
fermentation of carbohydrates in the digestive tract. Propionic acid 
has also been found in the digestive tract of the fowl, mostly in the 
ceca, as a product of microbial metabolism (Annison et al., 1968). 
Sinclair (1964) has suggested that propionate may also be formed in the 
oxidation of unsaturated fatty acids through the hydration of fatty 
acyl CoAs containing B-y unsaturated double bonds and their subsequent 
thiolytic cleavage following dehydrogenation. He proposed that in the 
oxidation of linolenic acid, after the removal of three molecules of 
acetyl CoA, the dodecatrienyl CoA formed is oxidized to yield four 
molecules of propionyl CoA. 

That the double bonds in unsaturated fatty acids may also 
shift from the 8-y to the a~8 position has now been shown. An enzyme 
which catalyzes this reaction has been isolated from rat liver mito- 
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chondria and has been named A>? cis-A —trans-—enoyl CoA isomerase 
(Stoffel et al., 1964). This enzyme together with 3-hydroxy fatty acyl 


CoA epimerase (Stoffel et al., 1964; Stern et al., 1955) are required, 
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in addition to the enzymes normally needed for f-oxidation, to complete 
the oxidation of polyunsaturated fatty acids. Thus unsaturated fatty 
acids, like saturated fatty acids, may be oxidized to yield only 

acetyl CoA. 

Indirect evidence in support of Sinclair's hypothesis of an 
alternate route of fatty acid oxidation has been furnished by Dupont 
and Mathias (1969). They showed that, when rats fed diets containing 
20% corn oil with and without vitamin Bio were injected with ieaaies 
linoleate intraperitoneally, A eal icay tm ene was excreted in the 
urine. -Vitamin Bio nutriture did not affect the amount excreted in the 
first 12 hours. During the second 12 hours and during the second day 
excretion of te caneetodnmbe dara was higher in vitamin B,,~deficient 


rats than in rats receiving supplemental vitamin B These results 


i 
suggest that one pathway of linoleate oxidation has methylmalonate as 
an intermediate. In addition, Dupont and Mathias (1969) also observed 
that rats fed 20% corn oil grew more slowly on vitamin B,,-deficient 


12 


than on vitamin B, ~Supplemented diets. No such effect was observed 
in rats fed beef tallow. These results suggest that highly unsaturated 
fat enhances a vitamin Bio deficiency. 

Several studies have been reported showing that saturated fats 
are more ketogenic than unsaturated fats. These studies may be inter- 
preted as indicating that unsaturated fatty acids have the potential to 
supply oxaloacetate (Hahn et al., 1963). In this regard, Brahmankar 
and Nath (1963) found that a greater accumulation of ketone bodies in 
plasma, liver, kidney and heart muscle occurred when rats were fed a 


diet containing 35% saturated fat (butter fat, coconut oil, or hydro- 


genated fat) than when diets containing a similar level of unsaturated 
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fat (groundnut oil or sesame oil) were fed. Similar results have been 
reported by Tidwell et al., (1966). They found that rats fed lard had 
approximately 40% higher levels of blood ketone bodies than rats fed 
linseed oil. In addition they found that the livers of rats fed lin- 
seed oil and safflower oil contained up to 2.5 times as much glycogen 
as did the livers of rats fed diets containing lard. 

More recently, Chung and Dupont (1968) fed high fat diets 
containing beef tallow or corn oil to female rats. They observed that 
the concentration of acetoacetate in the plasma of corn oil-fed rats 
was half that of the level in rats fed beef tallow. They concluded 
that dietary lipid containing a high concentration of polyunsaturated 
fatty acids was not ketogenic and that the kind of fat not the amount 
appeared to affect ketogenicity. 

Krebs (1970) disagrees with Sinclair's hypothesis. Krebs 
(1970) studied the formation of ketone bodies and glucose in isolated 
perfused rat liver after the addition of fatty acids. The rate of 
ketone body production from the fatty acids tested was approximately 


equal and independent of chain length except for pentanoate which pro- 


duced ketone bodies at one-third the rate of other fatty acids. Glucose 


was formed from all odd-numbered fatty acids tested. Arachidonate was 
almost quantitatively converted to ketone bodies and yielded no glucose. 


Krebs concluded that gluconeogenesis from polyunsaturated fatty acids 


with an even number of carbon atoms does not occur. Winkler (1970) also 


reported no significant differences in the production of ketone bodies 


during the oxidation of palmitate and linoleate by rat tissue slices and 


mitochondria. 
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Some investigators (Tidwell et al., 1966 and Dupont and 
Mathias, 1969) cite the finding of Bjorntorp (1968) that unsaturated 
fatty acids are oxidized more rapidly than saturated fatty acids of the 
same chain length as evidence in favor of an alternative route for the 
oxidation of unsaturated fatty acids. Numerous studies have shown that 
unsaturated fatty acids are oxidized more rapidly than saturated fatty 
acids. For example, Mead et al. (1956) reported that more oleate and 
linoleate were collected as expired 0, than stearate in 24 hours when 
tA Go yabelicd fatty acids were fed to mice. In addition, Goransson and 
Olivecrona (1965) and Goransson (1965a,b,c) reported that in 320 hours 
after an intravenous dose of Me Polane ied fatty acids to rats, labelled 
Oleic, palmitoleic and linoleic acids were oxidized more rapidly than 
palmitic acid. Furthermore, Lynn and Brown (1959) reported that labelled 
linoleate was oxidized more rapidly than labelled stearate when they were 
fed to rats. Dupont (1966) reported similar results when linoleate and 
stearate were injected into rats intraperitoneally. Whether the increased 
rate of oxidation of unsaturated fatty acids can be attributed to an al- 
ternative oxidative pathway in which propionyl CoA is produced is unknown. 

Since information on the ketogenicity of various fats for the 
chick is lacking, the following studies were conducted to compare the 
ketogenicity of saturated and unsaturated fats when chicks were fed high 
fat, "“carbohydrate-free' diets. Subsequently, studies were conducted to 
determine the effect of a vitamin Bio deficiency on the ketogenicity of 
fat. It was hoped that these studies would cast some light on why the 


vitamin Bio requirement of chicks fed high fat diets is increased. 
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EXPERIMENT I 


Recent studies (Brahmankar and Nath, 1963; Tidwell et al., 
1966; Chung and Dupont, 1968) have shown that saturated fats are more 
ketogenic than unsaturated fats when incorporated into the diets of 
rats. In order to determine whether fats vary in their ketogenicity for 
chicks the following study was conducted to compare the ketogenicity of 
coconut oil and soybean oil when these fats served as the sole source oF 
non-protein energy in "carbohydrate-free" diets. In addition, in order 
to maximize differences, comparisons were made of the ketogenicity of 
these fats when fed in the absence of glycerol as coconut fatty acids 


and soybean fatty acids. 


Materials and Methods 

Diets in which non-protein energy was supplied by coconut oil, 
coconut fatty acids, coconut fatty acids plus glucose, soybean oil, soy- 
bean fatty Sere and soybean fatty acids plus glucose were formulated 
from the high carbohydrate diet shown in Table 1. Fats and fatty acids 
were substituted isocalorically for glucose assuming the metabolizable 
energy content of glucose, coconut oil, coconut fatty acids, soybean oil 
aud soybean fatty acids to be 3.64, 9.21, 7.83, 9.21 and 7533) kilocalo— 
ries per gram, respectively. In the fatty acid diets supplemented with 
glucose, 0.105 g glucose/g fatty acids were added (Renner and Elcombe, 
1964); thie is the amount of glucose required for the theoretical con- 
vergion of soybean fatty acids to triglyceride. 

The composition of the diets fed ds shown an Table 2.7) ALL 


diets were formulated to contain 14.2 kilocalories of metabolizable 
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Composition of high carbohydrate diet 
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Ingredients hs 
Constants 
Oe, 
Soybean protein Mae saw) 
Methionine A ioulh 
Glycine 63 


Soybean oil 
Limestone 
‘Dicalcium phosphate 
Sodium chloride 
Mineral ie 
Vitamin mix 


ee te 4 
Antioxidant 


SJ &] SiS we ia iS we aS © 
Oo 
(=) 


Chromic oxide 


source of on-protein enersy 
Glucose 67.03 


eorines Central Soya, Chemurgy Division, Chicago 39, Illinois. 


ctl mixture supplies in grams per kilogram of diet: 
9.30; MgSO,, 2.42; KI, 0.0029; FeSO,-7H,0, 0.278; 
5H Poe 6 PRUE Cla onc) Ol. : 
Cuso, SHO, OLO07S4 ZnCO 4» (OSA ES Fe So) 1, 6H,9 0.0017 


Na, MoO, » ZF .00835; Nas 5 0, 00022: 7 MnSOy* Se es 
Na,Mo0), 2,05 OO08S: ay e0, 0.00022; Mn 0, HO Ome 


KHSPO) 5 


eam mixture supplies in grams per kilogram of diet: 
thiamine HCl; Os0ly riboflaviny 0.01; calcium pantothenate; 
0204) biotin, “0s0004: pyridoxines 0.025 niacin, 0.065 
folacin, 0.003; menadione, 0.003; vitamin A; 20,000 E.U.; 
vitamin). 1,500 1.0; vatamin By 2ole2 US; acho line 


chloride, 3.0; vitamin 8 0.90005. 
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energy per gram of protein. Cellulose was added to improve the texture 
of the high fat diets in an amount to maintain their caloric density ap- 
proximately equal to the high carbohydrate control diet. Vitamin Bi» 
was incorporated in the high carbohydrate diet at a level of 50 Ug per 
kilogram of feed. Because the "carbohydrate-free" diets do not total to 
100, their content of vitanin Bio and other dietary constituents will be 
referred to as the level present in the carbohydrate-containing diets 
from which they were derived. 

Coconut fatty acids and soybean fatty acids were prepared by 
alkaline hydrolysis of coconut oil and soybean oil. After acidification 
the fatty acids were separated from the acid seat by decantation and 
washed with water to remove acid and glycerol. 

Each diet was fed to duplicate groups of 10 male crossbred 
(Dominant White x White Plymouth Rock) chicks from 8 to 29 days of age. 
During the first 7 days of life the chicks were fed a semipurified 


' diet containing soybean oil. They were then assigned 


"carbohydrate-free' 
to the experimental groups on the basis of body weight, equalizing both 
mean body weight and weight distribution among the groups. The chicks 
were housed in electrically heated, thermostatically controlled battery 
brooders with raised wire-screen floors in a temperature-controlled lab- 
oratory. Feed and water were supplied ad libitum. Data on growth and 
feed consumption were obtained weekly. 

During the fourth week of the experiment, excreta were collect 
ed from duplicate groups of chicks fed diets in which non-protein energy 


was supplied by glucose, coconut oil and coconut fatty, acids so, that the 


absorbability and metabolizable energy of coconut oil and coconut fatty 
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acids could be determined. Chromic oxide was incorporated into all ra- 
tions as an index substance in order to eliminate the need for quanti- 
tative collection of excreta and quantitative measurement of feed intake. 
The excreta were collected at 24~hour intervals for ange sence 
days and kept in the frozen state until processed. The methods for pro- 
cessing excreta and determining moisture and chromic oxide were described 
by Hill and Anderson (1958). Fecal fat was determined using the method 
of Fowweather and Anderson (1946) as modified by Renner and Hill (1960). 
Dietary fat was determined using diethyl ether and a Goldfisch apparatus. 

At 29 days of age, blood samples were obtained from the jugular 
vein of 5 chicks in each group using 3.75 mg sodium oxalate per ml of 
blood to prevent coagulation and 0.5 mg sodium fluoride per ml of blood 
to inhibit glycolysis. Protein-free blood filtrates were prepared using 
barium hydroxide and zinc sulfate (Nelson, 1944; Somogyi, 1945). The 
filtrates were frozen and stored at -—29°C until analyzed. Blood glucose 
levels were determined using the method of Folin and Malmros (1929). 
Blood ketone bodies were determined using a modification of the method 
of Bakker and White (1957). This modification consisted of heating the 
tubes in a slycerol Bath at 110-120°C for 15 minutes and then heating in 
an autoclave at 15. Ibs pressure (121°C) for 30 minutes after the addition 
of potassium dichromate. 

Liver samples were taken from the remaining 5 chicks in each 
group immediately after killing with sodium pentobarbital. These samples 
were frozen immediately using dry ice, wrapped in aluminum foil, and 
stored in plastic bags at -29°C until analyzed. Liver glycogen was pre- 


cipitated using the method of Good et al. (1933). The precipitate was 
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washed with 65% ethanol as suggested by Fong et al. (1953). The glycogen 


was then dissolved in water and estimated using the method of Seifter 


etal (1950)% 


Results and Discussion 

Summarized in Table 3 are data showing the average weight gains 
of chicks fed diets in which non-protein energy was supplied by glucose, 
soybean oil, coconut oil and their respective fatty acids with and with- 
out added glucose. Analysis of variance and application of Duncan's 
multiple range test (Steel and Torrie, 1960) to the growth data showed 
that chicks fed diets in which non-protein energy was supplied by soybean 
oil or coconut oil grew at the same rate and at a rate equal to that of 
chicks fed diets in which non-protein energy was supplied by glucose. 
Deletion of glycerol from the diet by substituting soybean fatty acids 
for soybean oil depressed growth, significantly (P < 0.05). The substi- 
tution of coconut fatty acids for coconut oil also depressed growth but 
to a much greater extent than did soybean fatty acids. The addition of 
glucose in an amount required for theoretical conversion of fatty acids 
to triglycerides (0.105 g/g fatty acids) alleviated the growth depression 
in chicks fed soypeam fatty acids but only partially alleviated the de- 
pression in growth of chicks fed coconut fatty acids. 

That the isocaloric substitution of soybean fatty acids for 
soybean oil depresses growth is now well established (Renner and Elcombe, 
1964; Brambila and Hill, 1967). The effectiveness of glucose in over- 
coming the growth depression of chicks fed soybean fatty acids has also 
been demonstrated (Renner and Elcombe, 1964; Brambila and Hill, 1967). 


Thus the failure of glucose (0.105 g/g fatty acids) to overcome the 
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Growth and caloric efficiency of chicks 
fed carbohydrate-containing and 


"carbohydrate-free" diets 
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growth depression in chicks fed coconut fatty acids was unexpected. One 
possible explanation is that the glucose requirement of chicks fed coco- 
nut fatty acids is greater than that of chicks fed soybean fatty acids. 
On the other hand, studies have shown that lauric and myristic acids, 
when fed singly at a level of 20% in the diet, depress chick growth 
(Renner and Hill, 1961). Calculations indicate that the coconut fatty 
acid wdietvcontained 14% Vaurdic acid and t64myristic acids “Thue;ethe 
failure of glucose to overcome the growth depression when coconut fatty 
acids were fed may be due to the growth depressing properties of lauric 
and myristic acids in unesterified form. Since coconut oil and coconut 
fatty acids were found to be absorbed to 99 and 92%, respectively, in 
this experiment, the depressed growth of chicks fed coconut fatty acids 
cannot be attributed to low fat absorbability. 

Results showing that chicks fed diets containing coconut oil 
grew at the same rate as chicks fed soybean oil are in contrast to results 
reported by Menge (1971). He observed that chicks fed a diet containing 
12% coconut oil grew less than chicks fed diets containing 7% coconut oil 
Ome Oe eon 4% satblower (oul: 

Data on caloric efficiencies summarized in Table 3 show that 
replacine elucose dsocalorically by soybean oil, coconut oi1; soybean 
fatty acids or soybean fatty acids plus glucose did not affect caloric 
efGte tency « etenifieantiy ((P>40705) 38 Inicontrast, chicks: Ged diets con- 
taining coconut fatty acids utilized energy less efficiently than chicks 
fed the glucose diet; however, caloric efficiency was restored by the 
addition of 0.105 g glucose/g coconut fatty acids. 


Other evidence that fatty acids in coconut oil may be utilized 
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differently than fatty acids in other vegetable oils is provided in the 
studies of Carew et al. (1964). They observed that chicks fed diets con- 
taining 204 coconut oil did not increase growth rate, energy intake, 
tissue fat gain or total energy gain above that obtained with chicks fed 

a basal, low fat diet. In icontrast, Carew et al? (1964) found that chicks 
fed diets containing corn oil, beef tallow, soybean oif1, “or a lightly 
hydrogenated olive oil deposited more energy than chicks fed the low fat 
basal diet. 

Summarized in Table 4 are data showing the metabolic effects of 
feeding chicks diets in which non-protein energy was supplied by glucose, 
soybean oil, coconut oil and their respective fatty acids with and with- 
out added glucose. Analysis of variance and application of Duncan's 
multiple range test (Steel and Torrie, 1960) to the data on blood glucose 
showed that the substitution of soybean oil or coconut oil for the glu- 
cose in a high carbohydrate diet had no effect on level of blood glucose 
(Qs 0.05). Deletion of glycerol from the diet by substituting soybean 
fatuysactds or coconut fatty acids for their respective oils: caused a4 
Sienisiecant reduction im level of blood @lucose (fF <(0.05)5 Thevaddition 
of glucose to the fatty acids diets did not increase level of blood glu- 
cose estonia cately Ce >. <0 205) 

Previous studies with chicks have shown that normal blood glu- 
cose levels are maintained when chicks are fed "carbohydrate-free" diets 
containing neutral fat (Renner and Elcombe, 1967; Brambila and Hill, 1967). 
Variable effects on level of blood glucose have been observed when glyc- 
erol is deleted from the diet by substituting soybean fatty acids for 


soybean oil. Renner and Elcombe (1967) found levels of blood glucose to 
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be maintained while Brambila and Hill (1967) and Allred (1969) found 

blood glucose levels to be decreased. My results in this experiment 

using soybean fatty acids and coconut fatty acids as sources of non-protein 
energy support the findings of Brambila and Hill (1967) and Allred (1969) 
in that levels of blood glucose were decreased when non-protein energy 

was supplied by fatty acids. 

Analysis of variance and application of Duncan's multiple range 
test (Steel and Torrie, 1960) to the data on blood ketone bodies showed 
that the substitution of soybean oil or coconut oil for the glucose in 
a high carbohydrate diet did not increase levels of blood ketone bodies, 
significantly (P > 0.05). The data also show that soybean oil and coco- 
nut oil, when serving as the sole source of non-protein energy in the 
diet of chicks, did not differ in, ketogenicity.. Deletion of, glycerol 
from the diet by substituting soybean fatty acids and coconut fatty acids 
for soybean oil and coconut oil, respectively, caused a marked but simi- 
lar increase (P < 0.05) in level of blood ketone bodies which was alle- 
viated in both cases by the addition of 0.105 g glucose/g fatty acids. 

These results agree with those reported previously from this 
laboratory (Renner and Elcombe, 1967); however, the finding that the 
isocaloric substitution of soybean oil for glucose did not increase 
blood ketones is in contrast to the results of Brambila and Hill (1966, 
1967) and Allred (1969). 

My results indicating that degree of saturation of dietary fat 
does not affect level of blood ketone bodies in chicks is in contrast to 
results reported for the rat (Brahmankar and Nath, 1963; Tidwell et al. 


1966; and Chung and Dupont, 1968). These investigators showed that rats 
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fed such saturated fats as coconut oil, lard, beef tallow or butter fat 
had higher levels of blood ketones than rats fed such unsaturated fats 
as safflower oil, linseed oil, sesame oil or groundnut oil. Sinclair 
(1964) suggested, and Dupont and Mathias (1969) have provided evidence 
in the rat, that unsaturated fats are metabolized via propionyl CoA and 
are, therefore, more glucogenic and less ketogenic than saturated fats. 
The results reported in this experiment do not indicate the existence of 
such a pathway in the chick. Krebs (1970), using perfused rat livers, 
concluded that polyunsaturated fatty acids with an even number of carbon 
atoms were not glucogenic. 

Analysis of variance and application of Duncan's multiple range 
test (Steel and Torrie, 1960) to the data on liver glycogen (Table 4) 
showed that the substitution of soybean oil or coconut oil for glucose in 
a high carbohydrate diet significantly decreased the concentration of 
liver glycogen (P < 0.05). Deletion of glycerol from the diet by sub- 
stituting soybean fatty acids and coconut fatty acids for soybean oil and 
coconut oil, respectively, caused a further reduction in level of liver 
glycogen (P < 0.05). The addition of glucose (0.105 g/g fatty acids) to 
the fatty acid diets increased level of liver glycogen (P < 0.05) per- 
mitting glycogen stores not significantly different from those present 
in the livers of chicks fed the respective oil. 

The depression in liver glycogen observed when calories from 
fat were substituted for calories from carbohydrate agrees with the find- 
ings of Renner and Elcombe (1967) in the chick and Zaragoza and Felber 
(1970) in the rat. The finding that in this experiment chicks fed coco- 


nut oil deposited amounts of glycogen in their livers similar to chicks 
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fed soybean oil is in contrast to results reported by Tidwell et al. 
(1966). They observed that rats fed the polyunsaturated fats, safflower 
oil and linseed oil, deposited more glycogen than rats fed the more 
saturated ae ee however, they also found that rats fed coconut oil, 
which is more saturated than lard, deposited approximately twice as much 
glycogen as rats fed safflower oil or linseed oil. They suggested that 
this unexpectedly high value for coconut oil might be explained as the 
result of carbohydrate sparing during the more rapid oxidation of the 
short chain fatty acids (Carroll, 1964). Kowale et al. (1966) also have 
reported that glycogen levels are higher in the livers of rabbits fed 
butterfat, coconut oil, sesame oil and groundnut oil than those fed a 
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EXPERIMENT II 


This experiment was conducted to confirm that coconut oil and 
soybean oil do not differ in ketogenicity for the chick and to determine 
whether the growth depressing effects of coconut fatty acids could be 
overcome by the addition of a higher level of glucose (0.210 g glucose/g 


fatty -acids):, 


Materials and Methods 

Diets in which non-protein energy was supplied by coconut oil, 
coconut fatty acids, coconut fatty acids plus glucose, soybean oil, soy- 
bean fatty acids and soybean fatty acids plus glucose were formulated 
from the high carbohydrate diet shown in Table 1. Fats and fatty acids 
were substituted isocalorically for glucose assuming the metabolizable 
energy content of glucose, coconut oil, coconut fatty acids, soybean oil 
and soybean fatty -eetds to be 3.64, 9.09; 3.42, 9:21 and 7.33 kilocalories 
per gram, respectively. Metabolizable energy values for coconut oil and 
coconut fatty acids were calculated using the determined absorbability 
values of 99 and 92%, respectively (Experiment I) and assuming coconut 
oil to have a gross energy of 9.2 kilocalories per gram. Addition of 
glucose to the fatty acid diets was in an amount to provide 0.105 ¢ glu- 
cose/g fatty acids in the case of soybean fatty acids and 0.105 and 0.210 g 
glucose/g fatty acids in the case of coconut fatty acids. Otherwise the 
diets are as described in Experiment I. 

Chicks were fed a "carbohydrate-free" diet containing soybean 
oil for one week and then allotted to the experimental groups on the 


basis of body weight. Each diet was fed to duplicate groups of 10 male 
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crossbred (Dominant White x White Plymouth Rock) chicks from 8 to 29 days 
of age. Feed and water were supplied ad libitum. Growth and feed con- 
sumption were determined weekly. The methods of housing and collection 
of blood and liver samples were as described in Experiment I. Determina- 
tions of blood glucose, blood ketone bodies and liver glycogen were per- 


formed as described previously. 


Results and Discussion 

Data on weight gain and caloric efficiency (Table 5) show that, 
as in Experiment L, chicks fed coconut oil grew at the same rate as 
chicks fed soybean oil and utilized their feed just as efficiently. As 
in the preceding experiment, coconut fatty acids were more growth depress- 
ing than soybean fatty acids when serving as the sole source of dietary 
non-protein energy. However, in contrast to Experiment I, chicks utilized 
the coconut fatty acid diet just as efficiently as the soybean fatty acid 
diet. Results of this experiment show that the addition of 0.210 g glu- 
cose/g fatty acids was no more effective than the addition of 0.105 g 
glueose/g fatty acids in alleviating the growth depressing effects of 
coconut fatty acids. These results show that the carbohydrate require- 
ment of chicks fed coconut fatty acids is no greater than 0.105 g glucose/g 
fatty acids when growth is used as the criterion. Whether the glucose 
requirement is greater than 0.042 to 0.054 g glucose/g fatty acids, that 
is, the glucose requirement of chicks fed soybean fatty acids (Lodhia etalk, 
1969) is unknown. The failure of glucose to overcome the growth depress- 
ing property of coconut fatty acids may be due to the fatty acid composi- 
tion of the mixture derived from coconut oil. Previous studies (Renner 


and Hill, 1961) have shown that the incorporation of 20 parts lauric or 
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Table 5 


Growth and caloric efficiency of chicks 


fed carbohydrate-containing and 
"carbohydrate-free" diets 


a a rt a ae ao pa ce ne ee A 


Treatment 
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Average weight 


gain Keal consumed/ 
8 g saint 
Daag me 502° 
487° 4.88° 
279° 56202? 
glucose/g S.F.A. 435° Meee 
435° 4.94° 
206° 5.98" 
glucose/g C.F.A. 208? 5.32D%¢ 
elucose/ = (Cs FIA 329? 5.10° 


Glucose 
Soybean oil 
Sgn ie 

Seeiae tO. O5 
Coconut oid 
mae” 

Gateene +) £005 
ane ae 2 
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1 Z : ; 
Calculated from calculated metabolizable energy values for the diets. 


Z é F aoe : 
Values are averages of duplicate groups each containing 19 chicks. 


Values without 
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common letter in their superscripts are significantly 


different «(P < 6.05). 


Soybean fatty acids. 
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Coconut fatty acids. 
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myristic acid in a semi-purified chick diet caused a significant depres- 
sion in rate of growth. 

Statistical analysis of the combined data on weight gains and 
Caloric efficiencies from Experiments I and II supported the findings 
observed in individual experiments with one exception. The data in 
Table 6 show that chicks fed coconut oil grew at a significantly slower 
bate sthan chicks fed soybean oi] (P < 0.05). This trend was moted in 
both experiments but the difference was not large enough to he Seon 
until’the data were combined. Thus, if results of both experiments are 
considered, my results are in agreement with the studies of Menge (1971) 
which showed that chicks fed diets containing 12% coconut oil grew sig- 
GEeteaitiysetowar than chicks fed /% -coconut oil or 0,15, Os27 2 .0r 47 
safflower oil. In addition, it should be noted that results summarized 
in Table 6 indicate that the diet containing coconut fatty acids was 
utilized less efficiently than diets containing soybean fatty acids. This 
was observed in Experiment I but in Experiment II the differences were not 
large enough to be significant. 

Summarized in Table 7 are data showing the metabolic effects of 
feeding chicks diets in which non-protein energy was supplied by glucose, 
soybean oil, coconut oil and their respective fatty acids with and with- 
out added glucose. Analysis of variance and application of Duncan's multi- 
ple range test (Steel and Torrie, 1960) to the data on blood glucose 
(Table 7) showed that source of non-protein calories did not affect blood 
glucose levels. These results indicated that the chick maintained level 
of blood glucose in the absence of dietary carbohydrate and glycerol and 


agrees with the results of Renner and Elcombe (1967). This is in contrast 
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Table 6 


Growth and caloric efficiency of chicks 
fed carbohydrate-containing and 
"carbohydrate~free diets 


a ee ee ee i Se ee a as 


Average weight 


Experiment gain Keal consumed/ 
Treatment Number g g gain 
Glucose i 481° 528° 
pide 460 ry 0) 
Cig 2 5.1574 
Soybean oil I 502 Syl ihe) 
ae 487 4.88 
: 495° 4.984 
Sel oe ai Sia | 5.30 
ee 279 See 
303° 5.59? 
S.F.A. + 0.105 g I 480 S/040 = 
glucose/g S. FA. iT 435 4.94 
45g? 93" 
Coconut oil i 478 4.98 
iB 435 b 4.94 
l 456 4.96 
(ore Ee Pe if Oy: 6.89 
RE 206 ; 5.98 . 
De 6.43 
Cre eas te 0205. 2 i 366 Suge 
glucose/g C.F.A. ED 298 Droz 
332° ae 


Calculated from calculated metabolizable energy values for the diets. 
Values are averages of duplicate groups each containing 10 chicks. 
Values without a common letter in their superscripts are significantly 
different (P < 0.05). Underlined values are averages of duplicate 
experiments. 
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to the results of Experiment I which showed that deleting glycerol from 
the diet caused hypoglycemia in the chick. The reason for this discrep- 
ancy between the results of Experiments I and II is unknown. The data 

do show that fatty acid composition of the fat does not affect level of 
blood glucose. Analysis of variance (Steel and Torrie, 1960) of the com- 
bined results of Experiments I and II (Table 8) support this conclusion. 

Similar statistical treatment of the data on level of blood 
ketone bodies (Table 7) showed that the substitution of soybean oil or 
coconut oil for the glucose in a high carbohydrate diet increased levels 
of blood ketones, significantly (P < 0.05). As in Experiment I, deletion 
of glycerol from the diet by substituting coconut fatty acids and soybean 
fatty acids for coconut oil and soybean oil, respectively, caused a fur- 
ther significant increase in level of blood ketone bodies (P < 0.05) 
which was alleviated by the addition of glucose. When 0,219 g glucose/g 
fatty acids were added to the coconut fatty acid diet, levels of blood 
ketones were reduced still further and were not significantly higher than 
those of chicks fed the high carbohydrate diet (P > 0.05). These results 
indicate tthat neither of these two oils mor their fatty acids differ an 
their ketogenicity for the chick. Analysis of the combined results of 
both experiments support this conclusion (Table 8). 

Analysis of variance and application of Duncan's multiple range 
test (Steel and Torrie, 1960) to the data on liver glycogen showed that, 
as in Experiment I, the substitution of coconut oil and soybean oil for 
the glucose in a high carbohydrate diet caused a significant reduction 
in concentration of liver glycogen (P < 0.05). Deletion of glycerol from 


the diet by substituting soybean fatty acids for soybean oil did not 
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cause any further reduction in level of liver glycogen (P > 0.05); how- 
ever, as in Experiment I, substitution of coconut fatty acids for coconut 
oil caused a further reduction in the level of liver glycogen (P < 0,05)" 
Supplementation of the fatty acid diets with 0.105 g glucose/g fatty acids 
resulted in liver glycogen levels not significantly different from those 
observed in the livers of chicks fed diets containing coconut oil or soy- 
bean oil; the addition of 0.210 g glucose/g fatty acids to the coconut 
fatty acid diet did not cause any further increase in level of liver 
glycogen. 

Comparison of levels of liver glycogen in chicks fed “‘carbo- 
hydrate-free” diets indicated a trend towards higher levels of liver 
glycogen when non-protein energy was supplied by coconut oil than when 
non-protein energy was supplied by soybean oil but the difference was not 
great enough to be significant in either this or the preceding experiment. 
Analysis of the combined results of both experiments (Table 8) indicated 
that levels of liver glycogen were significantly higher (P < 0.05) for 
chicks fed diets in which non-protein energy was supplied by coconut oil 
than when non-protein energy was supplied by soybean oil. Previously 
Tidwell et al. (1966) observed that levels of liver glycogen were higher 
in rats fed coconut oil than in rats fed safflower oil, linseed oil or 
lard. They suggest that this unexpectedly high value for coconut oil 
might be explained as the result of carbohydrate sparing during the more 
rapid oxidation of short chain fatty acids. 

Results of these experiments (Experiments I and II) show that 
coconut oil and soybean oil do not differ in ketogenicity for the chick. 


However, conclusions as to whether more carbohydrate precursors are 
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produced in the oxidation of a polyunsaturated fat than in the oxidation 
of a saturated fat are not justified because (1) the medium chain trigly- 
cerides in coconut oil have been shown to resemble carbohydrates in some 
respects in both rats and humans (Senior, 1968) and in these experiments 
chicks fed coconut oil deposited more glycogen than chicks fed diets con- 
taining soybean oil, and (2) the mixture of fatty acids in coconut oil has 
been shown in the present study to contain a growth depressing factor 
(factors) when fed in unesterified form which is (are) not responsive to 
glucose. Thus the choice of coconut oil as the saturated fat in these 
experiments was unfortunate. 

Whether differences in ketogenicity exist between saturated 
fats containing a preponderance of long chain saturated fatty acids and 
unsaturated fats containing a preponderance of polyunsaturated fatty acids 


when fed to chicks forms the basis of the following experiment. 
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EXPERIMENT IIT 


This experiment was conducted to compare the ketogenicity of a 
saturated fat (beef tallow) and an unsaturated fat (safflower oil) when 
fed to chicks as the sole source of non-protein energy in diets with and 


without supplementary vitamin B It was proposed that since vitamin 


25 
Bi» is involved in the conversion of propionyl CoA to succinyl CoA, a 
vitamin Bi» deficiency might decrease glucogenicity and thus increase 
ketogenicity of polyunsaturated fats if significant amounts of propionyl 
CoA are formed in the oxidation of polyunsaturated fatty acids. Sodium 
propionate was incorporated into half of the diets to accentuate the 
vitamin Bio deficiency since the chicks were from non-depleted hens. That 


the addition of sodium propionate to the diets of rats and chicks increases 


the requirement for vitamin B has been shown by Dryden and Hartman (1971) 


Le 


and Venkataraman et al. (1967), respectively. 


Materials and Methods 
A factorial design was used involving three sources of non- 


protein energy, two levels of vitamin B and two levels of sodium propi- 


12 
onate. Glucose, beef tallow and safflower oil served as sources of non- 
protein energy. Safflower oil was chosen as the unsaturated fat since it 


is a rich source of polyunsaturated fatty acids, while beef tallow was 
chosen as the saturated fat since it is fairly well absorbed and contains 
only small amounts of short and medium chain fatty acids. 

The composition of the high carbohydrate diet used in this 
experiment is shown in Table 9. The diet was formulated to contain 14.5 


kilocalories of metabolizable energy per gram of protein and to be low in 
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Table 9 


Composition of high carbohydrate diet 


a 


Ingredients wh 
Constants 
Soybean proreial 23 so0 
Glycine 63 
Methionine £0 
Cystine 25 


Soybean oil 
Limestone 
Dicalcium phosphate 


z se) 
Mineral mix 


Sa eo a ee fF re 2a Ye & S&S oS 
~ 
jo) 


DIS 
Vitamin mix 58 
Antioxidant 925 
Chromic oxide 3 
Calcium chloride (CaCl. + 2H,0) PDS 
SOUECE Of non-protein enerey 
Glucose 66.09 
Sodium bicarbonate 1k YS) 


Promine, Central Soya, Chemurgy Division, Chicago 39, Illinois. 


on in Experiment I except that content of Fes0,4*/H 90 was increased 
from 0.278 to 0.400 g/kg diet to meet the 1971 poultry require- 
ments published by the Subcommittee on Poultry Nutrition of the 
National Research Council. 


As in Experiment I except that vitamin Bio was deleted from the 
vitamin mix. , 
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methionine, containing only 0.1% supplemental methionine. Diets contain- 


ing supplementary vitamin B 5 and/or sodium propionate were formulated by 


1 
the addition of 100 ug vitamin By /kg of diet and 2% sodium propionate, 
respectively. Sodium propionate was added at the expense of glucose. 

The sodium content of the diets was maintained constant by deleting the 
appropriate amount of sodium bicarbonate. 

"Carbohydrate-free" diets in which non-protein energy was sup- 
plied by safflower oil and beef tallow (Table 10) were formulated from 
the respective high carbohydrate control diet by substituting beef tallow 
and safflower oil isocalorically for glucose using the values’ 3.64, 6278 
and 9.21 kilocalories metabolizable energy per gram for glucose, beef 
tallow and safflower oil, respectively. The caloric density of the 
"carbohydrate-free" diet was maintained approximately equal to the high 
carbohydrate diet by the addition of cellulose. 

Each diet was fed to duplicate groups of 10 male crossbred 
(Dominant White x White Plymouth Rock) chicks from 8 to 29 days of age. 
During the initial one-week feeding period, chicks were fed a "carbohy- 
drate-free’ diet containing soybean oil, 0.1% methionine and no added 
vitamin Bio: The method of allotment, feeding and housing were described 
previously in Experiment I. At 29 days of age blood samples were taken 
from 5 chicks per group. The remaining chicks in each group were killed 
with sodium pentobarbital and their livers excised as in Experiments | 
and Ii. The preparation of blood filtrates and the analytical methods 
for determining metabolites have been described previously (Experiment I). 


In addition blood lactic acid was determined using the method of Barker 


and Summerson (1941). Blood was analyzed for lactic acid in order to 
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determine whether vitamin By), deficient chicks like vitamin B,o~ deficient 
rats responded to sodium propionate by increasing levels of lactic acid 


im the blood (Williams fet al.) 1971). 


Results and Discussion 
Data showing average weight gains and caloric efficiencies of 
chicks fed carbohydrate-containing and "carbohydrate-free" diets with and 


without supplementary vitamin B,,and containing two levels of sodium 


12 
propionate are summarized in Table 11. Analysis of variance of the fac- 
torial arrangement of treatments (Steel and Torrie, 1969) showed that 
chicks grew at the same rate irrespective of whether non-protein calories 
were supplied by glucose, safflower oil, or beef tallow (P > 0.05). Sup- 
plementation of diets containing 0.1% added methionine with vitamin Boo 
did not increase rate of growth, irrespective of source of non-protein 
enerecy (P > 0.05). UThus. te can be concluded that an this experiment a 
vitamin Bio deficiency was not produced by curtailing intake of vitamin 


Bio: These results are in contrast to those reported by Looi (1971) who 
observed that supplementation of a similar diet containing 0.1% methionine 
with vitamin Boo increased the growth of chicks fed diets in which non- 
protein energy was supplied by glucose or hydrogenated fat (Crisco). 
Results show that a vitamin Bio deficiency was produced by the addition 

of 2% sodium propionate to diets in which non-protein energy was provided 
by safflower oil, beef tallow or glucose. The growth depression was 
overcome by the addition of vitamin Bio (100 ug/kg) irrespective of source 
of non-protein energy. Previously, Venkataraman et al. (1967) and Dryden 


and Hartman (1971) showed that the growth depressing properties of sodium 


propionate for rats and chicks, respectively, were overcome by the addition 
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Growth and caloric efficiency of chicks fed 
carbohydrate-containing and 
free" diets containing two levels of dietary 
vitamin Bio and two levels of Na propionate 


"carbohydrate- 


a eee 


Treatment 


Safflower oil + B 


Safflower oil + B + Na propionate 


12 
Safflower oil - Boo 
Safflower oil - Bo» + Na propionate 
Beef tallow + Bi» 
Beef tallow + Bi» + Na propionate 
Beef tallow - Bi» 


Beef tallow - B + Na propionate 


Glucose + Bio 


Glucose + Bi» + Na propionate 


Glucose - Bi» 


Glucose — Bo» + Na propionate 


Average weight 


gain 


Keal 


Teateniat od from calculated metabolizable energy values for 


2 
oa Us 


consumed/ 
gain 


d,e 


the diets. 


2 ; whe ; 
Values are averages for duplicate groups each containing 10 chicks. 
Values without a common letter in their superscripts are significantly 


dirterent (P"< 0.05). 
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of vitamin Boo The data also show that the vitamin Bio deficiency 
produced by the addition of sodium propionate to diets containing no 
added vitamin Bi reduced caloric efficiency of chicks fed diets in which 
non-protein energy was supplied by safflower oil, beef tallow and 
glucose. 

Summarized in Table 12 are data showing levels of blood glucose, 
bleodyketone bodies, blood dactic acid and liver elycozen. Analysis of 
variance of the factorial arrangement of treatments (Steel and Torrie, 
1960) of the data on blood glucose showed that neither source of energy, 
level of vitamin Bio nor level of sodium propionate affected level of 
blood glucose, significantly (P > 0.95). These results indicate that 
blood glucose levels were maintained in chicks made vitamin Bio deficient 
by the addition of sodium propionate. The finding that level of blood 
glucose in chicks fed "“carbohydrate-free" diets is not affected by the 
fatty acid composition of the fat is in agreement with the results ob- 
tained in Experiments I and II. 

Similar statistical treatment of the data on blood ketones 
showed that the fatty acid composition of the fat affected level of 
blood ketone bodies with safflower oil producing significantly higher 
levels of ketone bodies than beef tallow (© < 0.05). These results are 
in contrast to the results of Experiments I and II which showed no signi- 
ficant difference in level of blood ketone bodies when non-protein energy 
was supplied by coconut oil and soybean oil. These results are also in 
contrast to results reported for the rat (Brahmankar and Nath, 1963; 


Tidwell et al., 1966; Chung and Dupont, 1968) which showed that saturated 


fats were more ketogenic than unsaturated fats. Recently, it has been 
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observed in this laboratory (Renner, unpublished data) that sunflower oil 
decreases lipogenesis. If safflower oil also reduces lipogenesis then 
increased levels of ketone bodies might be expected. 

The data also show that the addition of sodium propionate to 
"carbohydrate-free" diets caused a significant reduction in level of 
blood ketone bodies with the reduction being more marked in chicks receiv- 


ing diets containing no added vitamin B than in those receiving sup- 


V2 


plementary vitamin B The finding that vitamin B deficiency, induced 


1 ees 


by feeding sodium propionate, decreased rather than increased the keto- 
eerie ty*eL Lats Ssuveests® that the! function or vitamin Bio as a cofactor 
for methylmalonyl CoA mutase takes precedent over its methionine sparing 
action (Brigesser alt? 1950: oPaetrieks 929 502 0roxeetral 401957) eand/orsits 
involvement in protein synthesis (Chang and Kaiser, 1972), thus causing 
more dietary protein to be utilized for energy which is reflected in 
decreased growth and reduced caloric efficiency. Recently, Williams et al. 
(1971) have also observed that after injection of sodium propionate total 
ketone bodies were reduced in vitamin Bio deficient rats that had been 


Starved for 48 hours. “in Contrast to the reduction im ketone’ bodes ob— 


served in chicks fed diets adequate in vitamin B in this experiment, 


12 
Williams et al. (1971) found that blood ketones in normal starved rats 
were not altered significantly after injection of sodium propionate. 
Analysis of variance of the factorial arrangement of treatments 
(Steel and Torrie, 1960) of the data on blood lactic acid showed that 
neither source of non-protein energy nor level of vitamin Bio had an 
effect on levels of blood lactate; however, results showed that supple- 


mentation with sodium propionate caused a significant reduction in levels 


of blood lactate (P < 0.05). This finding is reflected in the significantly 
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lower level of liver glycogen (P < 0.05) in chicks fed diets supplemented 
with sodium propionate. 

In agreement with results of this experiment, Williams et al. 
(1971) did observe a slight decrease in level of blood lactate in normal 
rats after administration of propionate. However, they found a twofold 
increase of lactate in blood of vitamin Bj ,-deficient rats rather than a 
decrease as observed in the present study with chicks. 

Analysis of variance of the factorial arrangement of treatments 
(Steel and Torrie, 1960) of the data on liver glycogen showed that, as 
in Experiments. I and I1,. the isocaloric. substitution of fat for eilucose 
significantly decreased level of liver glycogen (P < 0.05). Since levels 
of liver glycogen were similar in chicks fed "carbohydrate~free" diets 
containing safflower oil and tallow, it would appear that the fatty acid 
composition of these fats did not affect liver glycogen. These results 
are in contrast to the finding of Tidwell et al. (1966) which showed that 
levels of liver glycogen in rats fed safflower oil and linseed oil were 
higher than when lard was fed. 

Analysis of variance of the factorial arrangement of treatments 
also showed that supplementation with sodium propionate significantly 
decreased level of liver glycogen (P < 0.05) while supplementation with 
vitamin Bi significantly increased level of liver glycogen (P < 0.01). 
Average values for glycogen in the liver of chicks fed diets with and 
without sodium propionate were 1.39 and 1.77 g%, respectively, while 
average values for chicks fed diets with and without vitamin Bio were 


1.89 and 1.27 g%, respectively. The finding that supplementation with 


sodium propionate decreased level of liver glycogen was unexpected since 
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propionate is glucogenic at least in the presence of vitamin B ie 


2 
should be noted that the decrease in level of liver glycogen on the addi- 
tion of sodium propionate was most marked in diets containing no added 
vitamin Bio: Recently, Williams et al. (1971) showed that the conversion 
of lactate into glucose is inhibited in vitamin B,,~deficient rats after 
sodium propionate administration. They concluded that the effect is due 
to inhibition of the pyruvate carboxylase step resulting from a decrease 
in acetyl CoA concentration and a postulated increase in methylmalonyl 
CoA concentration. Whether pyruvate carboxylase is inhibited on admin- 
istration of sodium propionate to chicks is unknown. Blood lactate was 
not observed to increase in chicks in the present study; however, the 
possibility exists that if the conversion of glucose precursors into 
glucose is inhibited, they may be diverted to replenish intermediates 

in the, citric acid cycle, thus) permitting) fatty acids) to, be completely 
oxidized. In support of this suggestion is the finding that blood ketone 


bodies were reduced in chicks fed diets with and without supplementary 


vitamin Bo» on the administration of sodium propionate. 
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EXPERIMENT IV 


In the preceding experiments, the effect of a vitamin Bl» 
deficiency on the ketogenicity of dietary fat was determined in chicks 
in which the vitamin Bio deficiency was produced by supplementing a diet 
low in vitamin Boo and one carbon units with sodium propionate. The 
object of this experiment was to determine the effect of a vitamin Bi» 
deficiency on the ketogenicity of fats when chicks were fed diets suf- 
ficiently low in one carbon units so that in the absence of supplemental 


vitamin Bi» a deficiency would be produced without the need for accentu- 


ating the deficiency with sodium propionate. 


Materials and Methods 

The experimental design and procedures used were the same as in 
Experiment III with the exception that all diets contained 0.074% sup- 
plemental methionine rather than 0.1% as shown in Table 9. This level 
of supplemental methionine was based on the observation of Looi (1971) 
that 0.074% supplemental methionine in a vitamin Boo deficient diet in- 


duced the symptoms of a vitamin Bio deficiency im the chick. 


Results and Discussion 


Summarized in Table 13 are the weight gains and caloric effi- 
ciencies of chicks fed carbohydrate-containing and "carbohydrate-free" 
diets with and without supplemental vitamin Bio and containing two levels 
of sodium propionate. Analysis of variance of the factorial arrangement 
of treatments (Steel and Torrie, 1960) showed that chicks fed diets con- 
taining safflower oil grew significantly faster than chicks fed diets 


containing beef tallow or glucose (P= 0205) Ay vitamin Bio deficiency 
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Table 13 


Growth and caloric ef ficiency of chicks fed 
carbohydrate-containing and ‘"'carbohydrate- 
free" diets containing two levels of dietary 
vitamin Bio and two levels of Na propionate 


a 


Average weight 


gain Kceal consumed/ 
Treatment g g gaint 
Safflower oil + B,, aag-29 GuzePe>s 
Safflower oil + Boo + Na propionate 415% 592" 
Safflower oil ~ By, Da oe eneore as 
Safflower oil - Bio + Na propionate ee fe es 
Beef tallow + B,, Base Te esaeeet 
Beef tallow + Bi + Na propionate a5Law 6. 
Beef tallow - B,, 268°?" eesseite 
Beef tallow - Bi + Na propionate 216 7oeee” 
Glucose + Bi 6022 pias ee 
Cl << S : bc c,d,e 
ucose + Bio + Na propionate 340 6.59 
Glucose ~ B,, a7ge aes 6.58°° 172 
a on e,f a 
Glucose - Boo + Na propionate 254 7.56 


i : 
“Calculated from calculated metabolizable energy values for the diets. 


Z ; Pier ; 

Values are averages for duplicate groups each containing 19 chicks. 
Values without a common letter in their superscripts are significantly 
difterent (Bh 40:05): 
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was produced as shown by the significantly increased rate of growth on 
the addition of vitamin Bio to diets in which non-protein energy was sup- 
plied by safflower oil, beef tallow and glucose (P < 0.01). The addition 


of sodium propionate to the vitamin B,,~deficient diet did not alter 


rate of growth irrespective of source of non-protein energy. The failure 
of sodium propionate to reduce growth of chicks fed diets containing no 


added vitamin Boo is in contrast to the results of Experiment III in which 


chicks showed a marked reduction in rate of growth when sodium propionate 


was added to diets containing no added vitamin B However, in Experi- 


Be 


ment III, all diets contained 0.1% methionine, and in the absence of sup- 


plemental vitamin B the addition of 2% sodium propionate produced a 


ez 
vitamin Bi» deficiency. Since a vitamin Bio deficiency was observed in 
this experiment when diets containing 0.074% methionine were fed, these 
results suggest that the vitamin Bj )~sparing action of 0.026% methionine 
is offset by 2% sodium propionate. Although sodium propionate did not 
accentuate a vitamin By deficiency using growth as the criterion, caloric 
efficiency was reduced by the addition of sodium propionate to a vitamin 
B,,-deficient diet in which non-protein energy was supplied by beef tallow 
or glucose but remained unchanged when non-protein energy was supplied by 
safflower oil. 

Summarized in Table 14 are data showing the metabolic effects 
of feeding carbohydrate-containing and "carbohydrate-free' diets with 
and without supplemental vitamin Bio and containing two levels of sodium 
propionate. Analysis of variance of the factorial arrangement of treat- 


ments (Steel and Torrie, 1960) showed that source of non-protein energy, 


level of supplemental vitamin Bao and level of sodium propionate in the 
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diet had no significant effect on blood glucose levels (P > 0.05). 
These results are in agreement with the results obtained in Experiment 
III and show that in the chick neither vitamin Bi» deficiency nor fatty 
acid composition of the fat fed affect level of blood glucose. 

Similar statistical treatment of the data on blood ketones 
showed that the isocaloric substitution of safflower oil or beef tallow 
formelucoseicignificantly increased (P*<+0505) levels/of blood ketones 
with safflower oil being more ketogenic than beef tallow. Similar results 
werevobtained dnuExperiment Tif. 

Results also show that a vitamin Bio deficiency produced by 
curtailing intake of both one carbon units and the vitamin did not affect 
level of blood ketones, irrespective of source of energy and fatty acid 
composition of the fat. The failure of vitamin Boo deficiency to increase 
the ketogenicity of safflower oil indicates either that the amount of 
propionyl CoA formed in the oxidation of polyunsaturated fatty acids is 
insienifieant’ of that vitamin Bio is still present in amounts sufficient 
to serve as a cofactor for methylmalonyl CoA mutase. 

The antiketogenic effect of sodium propionate when added to 
"carbohydrate-free" diets was again observed. In contrast to Experiment 
III, in this experiment the antiketogenic effects of sodium propionate 
were similar in the presence and absence of vitamin Bio: Since the addi- 
tion of sodium propionate did not accentuate the growth depression in 
vitamin B..-deficient chicks, it would appear that if propionate is 


LZ 


metabolized the amount of vitamin Bio used in its metabolism is not great 


enough to depress growth. 


Analysis of variance of the factorial arrangement of treatments 
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(Steel and Torrie, 1960) showed that as in the three previous iene. 
substituting neutral fat for the glucose in a high carbohydrate diet 
significantly (P < 0.05) decreased level of liver glycogen. As in Exper- 
iment III, level of liver glycogen was not affected by the fatty acid 
composition of the fat fed. 

Similar statistical treatment also showed that vitamin Bo» defi- 
ciency produced by curtailing intake of one carbon units and the vitamin 
did not affect level of liver glycogen, irrespective of source of energy 
or fatty acid composition of the fat fed. 

The addition of sodium propionate caused a significant overall 
reduction in levels of liver glycogen (P < 0.05), the effect being most 
marked when sodium propionate was added to vitamin B,,~deficient diets. 
The question thus arises as to whether the reduction in levels of ketone 
bodies on addition of sodium propionate to diets of vitamin By ,~deficient 
chicks is due to the metabolism of propionate or to the diversion of 
carbohydrate from storage to other uses. 

Statistical treatment of the data on blood lactic acid showed 
that levels of blood lactic acid were not affected by source of non-protein 
energy, level of supplemental vitamin Bi» or level of added sodium pro- 
pionate. These results are in contrast to results of Williams et al. 
(1971) and Williams and Spray (1972) which showed that injecting sodium 


propionate into vitamin B, deficient rats caused a twofold increase in 


blood lactic acid concentration. 
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GENERAL DISCUSSION 


Comparison of levels of blood ketone bodies and liver glycogen 
in chicks fed diets containing saturated and polyunsaturated fats both in 


the presence and absence of supplemental vitamin B have failed to pro- 


42 
duce evidence in support of Sinclair's hypothesis that propionyl CoA is 
formed in the oxidation of polyunsaturated fatty acids. Studies have 
shown that levels of blood ketone bodies were as high or higher when non- 
protein energy was provided by the polyunsaturated fats, soybean oil and 
safflower oil, as when non-protein energy was provided by the saturated 
fats, beef tallow and coconut oil. In addition, levels of blood ketone 


bodies have been shown to be unaffected by vitamin B deficiency irrespec- 


eZ 
tive of degree of unsaturation of the fat. Results also have shown that 
levels of liver glycogen were as high or higher when chicks were fed diets 
containing saturated fats as when polyunsaturated fats were fed and that 


levels of liver glycogen were unaffected by a vitamin B deficiency 


12 
(Experiment IV). 

These findings are in contrast to results reported for the rat 
which showed that saturated fats were more ketogenic than polyunsaturated 
fats when levels of blood ketone bodies (Tidwell et al., 1966; Chung and 
Dupent, 1968. Dupont and Mathias, 1969) or levels of liver elycogen 
(Tidwell et al., 1966) were used as the criteria. These investigators sug- 
gested that the finding that saturated fats were more ketogenic than unsat- 
urated fats supports the premise that polyunsaturated fats have the poten- 
tial to supply glucose. Thus, although the rat may metabolize unsaturated 


fat via propionyl CoA, results of the present studies do not support the 


evidence of such a pathway in the chick. 
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Evidence has been accumulated to show that chicks and rats do 
differ in some other aspects of their metabolism of fat. For example, 
the chick absorbs lauric, myristic and palmitic acids to a lesser extent 
than the rat (Renner and Hill, 1961). Studies have also shown that the 
chick absorbs fatty acids, esterified or unesterified, short or long 
chain, by the portal system (Scott et al., 1969). In addition, Feigenbaum 
and Fisher (1963) have shown that the chick unlike the rat, does not 
develop a fatty liver upon starvation and that, while polyunsaturated 
fatty acids predominate in the liver fat of starved chicks, saturated 
fatty acids predominate in the liver fat of starved rats. Sites of 
lipogenesis have also been shown to differ in the two species. O'Hea 
and Leveille (1969) showed that between 90 - 95% of de novo fatty acid 
synthesis in the chick appears to take place in the liver. In contrast, 
de novo fatty acid synthesis in the rat occurs predominantly in the 
adipose tissue (Leveille, 1967). Finally, Pearce (1971) has reported 
that fat-feeding has no effect on hepatic pyruvate kinase activity in 
the chicken whereas in the rat dietary lipid represses it which suggests 
that chicken liver is more restricted in its response to dietary modifi- 
cation than rat liver. 

The failure to obtain evidence for formation of propionyl CoA 
during the oxidation of polyunsaturated fatty acids negates the possibility 


that the increased requirement for vitamin B when chicks are fed high 


12 
fatodiets (Looi, 1971) is due to. increasedineed for the cofactor for 


methylmalonyl CoA mutase. Thus the question of why the chick's require- 


ment for vitamin Bi» is increased when fat is substituted isocalorically 


for glucose remains unanswered. 
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Previous investigators have implicated vitamin Bio in the 
maintenance of blood levels of soluble sulfhydryl compounds, particularly 
glutathione (Ling and Chow, 1953, 1954; Hsu et al. 1959), Recently 
Kowale et al. (1966) observed significantly lower levels of blood gluta- 
thione in rabbits fed diets containing saturated fats than in those fed 
diets containing unsaturated fats. They proposed that the lower level of 
blood glutathione in rabbits fed diets containing saturated fats might 
be associated with the higher levels of blood ketones observed when sat- 
urated fats were fed. Previously, Nath and Hatwalne (1950) and Nath et al. 
(1953) had reported that ketone bodies caused a decrease in level of blood 
reduced glutathione. Biswas and Johnson (1964) observed that, in the 
livers of vitamin B,,~deficient rats and chicks, the activities of glu- 
cose-6-phosphate dehydrogenase, 6-phosphogluconate dehydrogenase, isoci- 
trate dehydrogenase, and glutathione reductase were significantly depressed. 


These investigators concluded that the effect of a vitamin B deficiency 


12 
on dehydrogenases and carbohydrate metabolism was secondary to the effect 
on glutathione reductase. More recently, Nath and Nath (1967) observed 
that growth of rats and levels of vitamin Bio in blood and liver were 
reduced when ketone bodies were administered in vivo. 

Whether the increased levels of blood ketone bodies in chicks 
fed "carbohydrate-free'' diets causes a reduction in levels of vitamin 
Bi» in liver and blood and a reduction in blood reduced glutathione is 
unknown. Further studies might be conducted to compare levels of vitamin 
Bio: blood reduced glutathione, and glutathione reductase in chicks fed 


diets with and without supplemental vitamin Bio in which non-protein 


energy is provided by fat and carbohydrate. 
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SUMMARY 


Studies to compare the ketogenicity of various fats for the chick 
have shown that substitution of the polyunsaturated fats, safflower 
oil and soybean oil, for the saturated fats, beef tallow and coconut 
oil, did not reduce levels of blood ketone bodies nor increase levels 
of liver glycogen in chicks fed "carbohydrate-free" diets. These re- 
sults indicate that the chick does not metabolize polyunsaturated 


fatty acids via propionyl CoA. 


Levels of blood ketone bodies and liver glycogen have been shown to 


be unaffected by a vitamin B deficiency, irregardless of the degree 


12 
of unsaturation of the fat used to formulate the "carbohydrate-free" 


dietas 


Studies have shown that the addition of sodium propionate to "carbo- 
hydrate-free'" diets in which non-protein energy was supplied by 
either safflower oil or beef tallow did not affect level of blood 
lactic acid but caused a reduction in levels of both blood ketone 
bodies and liver glycogen which was most marked in the absence of 


supplementary vitamin Bio: 


Chicks fed "carbohydrate-free' diets containing coconut oil grew 
slightly but significantly slower and had higher levels of liver 
glycogen than chicks fed "carbohydrate-free" diets containing soybean 
oil. The growth depressing property of coconut oil was accentuated 
when glycerol was deleted from the diet by substituting coconut 


fatty acids for coconut oil and, in contrast to soybean fatty acids, 


Gtngmgist scot 


ee ; 
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to the results of Experiment I which showed that deleting glycerol from 
the diet caused hypoglycemia in the chick. The reason for this discrep- 
ancy between the results of Experiments I and II is unknown. The data 

do show that fatty acid composition of the fat does not affect level of 
blood glucose. Analysis of variance (Steel and Torrie, 1969) of the com 
bined results of Experiments I and II (Table 8) support this conclusion. 

Similar statistical treatment of the data on level of blood 
ketone bodies (Table 7) showed that the substitution of soybean oil or 
coconut oil for the glucose in a high carbohydrate diet increased levels 
of blood ketones, significantly (P < 0.05). As in Experiment I, deletion 
of glycerol from the diet by substituting coconut fatty acids and soybean 
fatty acids for coconut oil and soybean oil, respectively, caused a fur-~ 
ther significant increase in level of blood ketone bodies (P < 0.05) 
which was alleviated by the addition of glucose. When 0,210 g glucose/g 
fatty acids were added to the coconut fatty acid diet, levels of blood 
ketones were reduced still further and were not significantly higher than 
those of chicks fed the high carbohydrate diet (P > 0.05). These results 
indicate that neither of these two oils nor their fatty acids differ an 
their ketogenicity for the chick. Analysis of the combined results of 
both experiments support this conclusion (Table 8). 

Analysis of variance and application of Duncan's multiple range 
test (Steel and Torrie, 1960) to the data on liver glycogen showed that, 
as in Experiment I, the substitution of coconut oil and soybean oil for 
the glucose in a high carbohydrate diet caused a significant reduction 
in concentration of liver glycogen (P < 0.05). Deletion of glycerol from 


the diet by substituting soybean fatty acids for soybean oil did not 
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cause any further reduction in level of liver glycogen (P > 0.05); how- 
ever, as in Experiment I, substitution of coconut fatty acids for coconut 
oil caused a further reduction in the level of liver glycogen (P < 0.05). 
Supplementation of the fatty acid diets with 0.105 g glucose/g fatty acids 
resulted in liver glycogen levels not significantly different from those 
observed in the livers of chicks fed diets containing coconut oil or soy- 
bean oil; the addition of 0.210 g glucose/g fatty acids to the coconut 
fatty acid diet did not cause any further increase in level of liver 
glycogen. 

Comparison of levels of liver glycogen in chicks fed “‘carbo- 
hydrate-free"' diets indicated a trend towards higher levels of liver 
glycogen when non-protein energy was supplied by coconut oil than when 
non-protein energy was supplied by soybean oil but the difference was not 
great enough to be significant in either this or the preceding experiment. 
Analysis of the combined results of both experiments (Table 8) indicated 
that levels of liver glycogen were significantly higher (P < 0.05) for 
chicks fed diets in which non-protein energy was supplied by coconut oil 
than when non-protein energy was supplied by soybean oil. Previously 
Tidwell et al. (1966) observed that levels of liver glycogen were higher 
in rats fed coconut oil than in rats fed safflower oil, linseed oil or 
lard. They suggest that this unexpectedly high value for coconut oil 
might be explained as the result of carbohydrate sparing during the more 
rapid oxidation of short chain fatty acids. 

Results of these experiments (Experiments I and II) show that 
coconut oil and soybean oil do not differ in ketogenicity for the chick. 


However, conclusions as to whether more carbohydrate precursors are 
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produced in the oxidation of a polyunsaturated fat than in the oxidation 
of a saturated fat are not justified because (1) the medium chain trigly- 
cerides in coconut oil have been shown to resemble carbohydrates in some 
respects in both rats and humans (Senior, 1968) and in these experiments 
chicks fed coconut oil deposited more glycogen than chicks fed diets con- 
taining soybean oil, and (2) the mixture of fatty acids in coconut oil has 
been shown in the present study to contain a growth depressing factor 
(factors) when fed in unesterified form which is (are) not responsive to 
glucose. Thus the choice of coconut oil as the saturated fat in these 
experiments was unfortunate. 

Whether differences in ketogenicity exist between saturated 
fats containing a preponderance of long chain saturated fatty acids and 
unsaturated fats containing a preponderance of polyunsaturated fatty acids 


when fed to chicks forms the basis of the following experiment. 
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EXPERIMENT III 


This experiment was conducted to compare the ketogenicity of a 
saturated fat (beef tallow) and an unsaturated fat (safflower oil) when 
fed to chicks as the sole source of non-protein energy in diets with and 


without supplementary vitamin B It was proposed that since vitamin 


uy Ps 


Bi» is involved in the conversion of propionyl CoA to succinyl CoA, a 


vitamin Bi» deficiency might decrease glucogenicity and thus increase 


ketogenicity of polyunsaturated fats if significant amounts of propionyl 
CoA are formed in the oxidation of polyunsaturated fatty acids. Sodium 
propionate was incorporated into half of the diets to accentuate the 


vitamin Bi5 deficiency since the chicks were from non-depleted hens. That 


the addition of sodium propionate to the diets of rats and chicks increases 


the requirement for vitamin B has been shown by Dryden and Hartman (1971) 


i 


and Venkataraman et al. (1967), respectively. 


Makeiials sande or hoas 


A factorial design was used involving three sources of non- 


protein energy, two levels of vitamin Bio and two levels of sodium propi- 
onate. Glucose, beef tallow and safflower oil served as sources of non- 
protein energy. Safflower oil was chosen as the unsaturated fat since it 


is a rich source of polyunsaturated fatty acids, while beef tallow was 
chosen as the saturated fat since it is fairly well absorbed and contains 
only small amounts of short and medium chain fatty acids. 

The composition of the high carbohydrate diet used in this 
experiment is shown in Table 9. The diet was formulated to contain 14.5 


kilocalories of metabolizable energy per gram of protein and to be low in 
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Table 9 


Composition of high carbohydrate diet 


Ingredients % 


OE  ————————eeeeeeeE—————————E—EEE—E—EE—EEeEe 


Constants 

Soybean ntered nn 1 eS) 
Glycine sere) 
Methionine 10 
Cystine 25 


Soybean oil 
Limestone 
Dicalcium phosphate 
Mineral mix 
Vitamin mix 
Antioxidant 


Chromic oxide 
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Caleium chioride (Gac1 *2H,0) 
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MOUnCeLOn HONzproLein (energy, 
Glucose 66.09 


Sodium bicarbonate | eS 


Promine, Central Soya, Chemurgy Division, Chicaro 39, [llingis. 


As an Experiment 1 except that content of FPeS0z*7H»o0 was inereased 
from 0.278 to 0.400 g/kg diet to meet the 1971 poultry require- 
ments published by the Subcommittee on Poultry Nutrition of the 
National Research Council. 


was deleted from the 
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As in Experiment I except that vitamin Bio 
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methionine, containing only 0.1% supplemental methionine. Diets contain- 


ing supplementary vitamin B and/or sodium propionate were formulated by 


12 


the addition of 100 we vitamin B /kg of diet and 2% sodium propionate, 


ye 
respectively. Sodium propionate was added at the expense of glucose. 

The sodium content of the diets was maintained constant by deleting the 
appropriate amount of sodium bicarbonate. 

"Carbohydrate-free" diets in which non-protein energy was sup- 
plied by safflower oil and beef tallow (Table 10) were formulated from 
the respective high carbohydrate control diet by substituting beef tallow 
and safflower oil isocalorically for glucose using the values 3.64, 6.78 
and 9.21 kilocalories metabolizable energy per gram for glucose, beef 
tallow and safflower oil, respectively. The caloric density of the 
"carbohydrate-free" diet was maintained approximately equal to the high 
carbohydrate diet by the addition of cellulose. 

Each diet was fed to duplicate groups of 10 male crossbred 
(Dominant White x White Plymouth Rock) chicks from 8 to 29 days of age. 
During the initial one-week feeding period, chicks were fed a "carbohy- 
drate-free’ diet containing soybean oil, 0.1% methionine and no added 


vitamin B The method of allotment, feeding and housing were described 


cae 
previously in Experiment I. At 29 days of age blood samples were taken 
from 5 chicks per group. The remaining chicks in each group were killed 
with sodium pentobarbital and their livers excised as in Experiments I 
and II. The preparation of blood filtrates and the analytical methods 
for determining metabolites have been described previously (Experiment I). 


In addition blood lactic acid was determined using the method of Barker 


and Summerson (1941). Blood was analyzed for lactic acid in order to 
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determine whether vitamin Bj, deficient chicks like vitamin Bo deficient 
rats responded to sodium propionate by increasing levels of lactic acid 


in the blood (Williams et al., 1971). 


Results and Discussion 
Data showing average weight gains and caloric efficiencies of 
chicks fed carbohydrate-containing and "carbohydrate-free" diets with and 


without supplementary vitamin B,, amd containing two levels of sodium 


AW, 
propionate are summarized in Table 11. Analysis of variance of the fac- 
torial arrangement of treatments (Steel and Torrie, 1969) showed that 
chicks grew at the same rate irrespective of whether non-protein calories 
were supplied by glucose, safflower oil, or beef tallow (P > 0.05). Sup- 
plementation of diets containing 0.1% added methionine with vitamin Boo 
did not increase rate of growth, irrespective of source of non-protein 
energy (P > 0.05). Thus, it can be concluded that in this experiment a 
vitamin Bio deficiency was not produced by curtailing intake of vitamin 


B These results are in contrast to those reported by Looi (1971) who 


es 
observed that supplementation of a similar diet containing 0.1% methionine 
With Vitamin Bio increased the growth of chicks fed diets in which non- 
protein energy was supplied by glucose or hydrogenated fat (Crisco). 
Results show that a vitamin Bay deficiency was produced by the addition 

of 2% sodium propionate to diets in which non-protein energy was provided 
by safflower oil, beef tallow or glucose. The growth depression was 
overcome by the addition of vitamin Bio (100 ug/ke) irrespective of source 
of non-protein energy. Previously, Venkataraman et al. (1967) and Dryden 


and Hartman (1971) showed that the growth depressing properties of sodium 


propionate for rats and chicks, respectively, were overcome by the addition 
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Beef tallow 


Beef tallow 


Beef tallow 


Beef tallow 


Glucose + B 


Glucose + B 
Glucose —- B 
Glucose -— B 


Growth and caloric efficiency of chicks fed 
carbohydrate-containing and 


Table 11 


"carbohydrate- 


free'' diets containing two levels of dietary 


vitamin Bio 


Treatment 
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consumed/ 
gain 


ceeivasteiass from calculated metabolizable energy values for the diets. 


ec attee are averages for duplicate groups each containing 10 chicks. 
Values without a common letter in their superscripts are significantly 
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of vitamin Bio: The data also show that the vitamin Bi» deficiency 
produced by the addition of sodium propionate to diets containing no 
added vitamin Bo5 reduced caloric efficiency of chicks fed diets in which 
non-protein energy was supplied by safflower oil, beef tallow and 
glucose. 

Summarized in Table 12 are data showing levels of blood glucose, 
blood ketone bodies, blood lactic acid and liver glycogen. Analysis of 
variance of the factorial arrangement of treatments (Steel and Torrie, 
1960) of the data on blood glucose showed that neither source of energy, 
level of vitamin Bio nor level of sodium propionate affected level of 
blood glucose, significantly (P > 0.95). These results indicate that 
blood glucose levels were maintained in chicks made vitamin Bio deficient 
by the addition of sodium propionate. The finding that level of blood 
elucose in chicks fed "“carbohydrate-free" diets is not affected by the 
fatty acid composition of the fat is in agreement with the results ob- 
tained in Experiments I and II. 

Similar statistical treatment of the data on blood ketones 
showed that the fatty acid composition of the fat affected level of 
blood ketone bodies with safflower oil producing significantly higher 
levels of ketone bodies than beef tallow (P < 0.05). These results are 
in contrast to the results of Experiments I and II which showed no signi- 
ficant difference in level of blood ketone bodies when non-protein energy 
was supplied by coconut oil and soybean oil. These results are also in 
contrast to results reported for the rat (Brahmankar and Nath, 1963: 


Tidwell et al., 1966; Chung and Dupont, 1968) which showed that saturated 


fats were more ketogenic than unsaturated fats. Recently, it has been 
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observed in this laboratory (Renner, unpublished data) that sunflower oil 
decreases lipogenesis. If safflower oil also reduces lipogenesis then 
increased levels of ketone bodies might be expected. 

The data also show that the addition of sodium propionate to 
"carbohydrate-free" diets caused a significant reduction in level of 
blood ketone bodies with the reduction being more marked in chicks receiv- 


ing diets containing no added vitamin B than in those receiving sup- 


diy 


plementary vitamin B The finding that vitamin B deficiency, induced 


LZ 12 


by feeding sodium propionate, decreased rather than increased the keto- 
genicity of fats suggests that the function of vitamin Bi» asta cotactor 
for methylmalonyl CoA mutase takes precedent over its methionine sparing 
action” (Brigesver al. 19502*Patrick? 1950e"foxvee al. e195/) Fandsortits 
involvement in protein synthesis (Chang and Kaiser, 1972), thus causing 
more dietary protein to be utilized for energy which is reflected in 
decreased growth and reduced caloric efficiency. Recently, Williams et al. 
(1971) have also observed that after injection of sodium propionate total 
ketone bodies were reduced in vitamin Bj ,~deficient rats that had been 
starved for 48 hours. In contrast to the reduction in ketone bodies ob- 
served in chicks fed diets adequate in vitamin Bio in this experiment, 
Williams et al. (1971) found that blood ketones in normal starved rats 
were not altered significantly after injection of sodium propionate. 
Analysis of variance of the factorial arrangement of treatments 
(Steel and Torrie, 1960) of the data on blood lactic acid showed that 
neither source of non-protein energy nor level of vitamin Bio had an 
effect on levels of blood lactate; however, results showed that supple- 


mentation with sodium propionate caused a significant reduction in levels 


of blood Lactate (P < 0.05). This finding is reflected in the significantly 
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lower level of liver glycogen (P < 0.05) in chicks fed diets supplemented 
with sodium propionate. 

In agreement with results of this experiment, Williams et al. 
(1971) did observe a slight decrease in level of blood lactate in normal 
rats after administration of propionate. However, they found a twofold 
increase of lactate in blood of vitamin B),-deficient rats rather than a 
decrease as observed in the present study with chicks. 

Analysis of variance of the factorial arrangement of treatments 
(Steel and Torrie, 1960) of the data on liver glycogen showed that, as 
in Experiments. 1 and Jl, the isocalorie substitution of, fat for. elucose 
significantly decreased level of liver glycogen (P < 0.05). Since levels 
of liver glycogen were similar in chicks fed "carbohydrate-~free" diets 
containing safflower oil and tallow, it would appear that the fatty acid 
composition of these fats did not affect liver glycogen. These results 
are in contrast to the finding of Tidwell et al. (1966) which showed that 
levels of liver glycogen in rats fed safflower oil and linseed oil were 
higher than when lard was fed. 

Analysis of variance of the factorial arrangement of treatments 
also showed that supplementation with sodium propionate significantly 
decreased level of liver glycogen (P < 0.05) while supplementation with 
vitamin Bio significantly increased level of liver glycogen (P < 0.01). 
Average values for glycogen in the liver of chicks fed diets with and 
without sodium propionate were 1.39 and 1.77 g%, respectively, while 
average values for chicks fed diets with and without vitamin Bio were 


1.89 and 1.27 g%, respectively. The finding that supplementation with 


sodium propionate decreased level of liver glycogen was unexpected since 
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propionate is glucogenic at least in the presence of vitamin B Ge 


NOs 
should be noted that the decrease in level of liver glycogen on the addi- 
tion of sodium propionate was most marked in diets containing no added 
vitamin Boo: Recently, Williams et al. (1971) showed that the conversion 
of lactate into glucose is inhibited in vitamin B,,~deficient rats after 
sodium propionate administration. They concluded that the effect is due 
to inhibition of the pyruvate carboxylase step resulting from a decrease 
in acetyl CoA concentration and a postulated increase in methylmalonyl 
CoA concentration. Whether pyruvate carboxylase is inhibited on admin- 
istration of sodium propionate to chicks is unknown. Blood lactate was 
not observed to increase in chicks in the present study; however, the 
possibility exists that if the conversion of glucose precursors into 
glucose is inhibited, they may be diverted to replenish intermediates 

in, the, citric. acid cycle,. thus, permitting: fatty acids: to. be completely 
oxidized. In support of this suggestion is the finding that blood ketone 


bodies were reduced in chicks fed diets with and without supplementary 


vitamin we) on the administration of sodium propionate. 
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EXPERIMENT IV 


In the preceding experiments, the effect of a vitamin Bi» 
deficiency on the ketogenicity of dietary fat was determined in chicks 
in which the vitamin Bio deficiency was produced by supplementing a diet 
low in vitamin Boo and one carbon units with sodium propionate. The 
object of this experiment was to determine the effect of a vitamin Bio 
deficiency on the ketogenicity of fats when chicks were fed diets suf- 
ficiently low in one carbon units so that in the absence of supplemental 


vitamin Bio a deficiency would be produced without the need for accentu- 


ating the deficiency with sodium propionate. 


Materials and Methods 

The experimental design and procedures used were the same as in 
Experiment III with the exception that all diets contained 0.074% sup- 
plemental methionine rather than 0.1% as shown in Table 9. This level 
of supplemental methionine was based on the observation of Looi (1971) 
that 0.074% supplemental methionine in a vitamin B deficient diet in- 


tbs 


duced the symptoms of a vitamin Bio defticieney: in the chick. 


Results and Discussion 

Summarized in Table 13 are the weight gains and caloric effi- 
ciencies of chicks fed carbohydrate-containing and "carbohydrate-free" 
diets with and without supplemental vitamin Bio and containing two levels 
of sodium propionate. Analysis of variance of the factorial arrangement 
of treatments (Steel and Torrie, 1960) showed that chicks fed diets con- 
taining safflower ot] grew significantly faster than chicks fed diets 


containing beef tallow or glucose (P < 0.05). A vitamin By deficiency 
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Table 13 


Growth and caloric ef ficiency of chicks fed 
carbohydrate-containing and "carbohydrate- 
free" diets containing two levels of dietary 
vitamin Bio and two levels of Na propionate 


Average weight 


gain Keal consumed/ 

Treatment g g gain 
Safflower oil + Bio 40824 6.12228 
Safflower oil + Bio + Na propionate 415% 5.927 
Safflower oil ~ B,, 2869 Bt 2 6.89>2 4 
Safflower oil - Bio + Na propionate Das eee: ghoee 
Beef tallow + Bio 334D¢.4 6.18%! 
Beef tallow + Boo + Na propionate Baia gees 
Beef tallow - B,, 268°! eesgca lee 
Beef tallow - Boo + Na propionate 216 Wieee” 
Glucose + Bi» 36 0eP pasa ee 
Glucose + Bio + Na propionate 340022 Se oe 
Glucose - By 5 279eese & 6585322 
Glucose - Bio + Na propionate Deleon 7.56" 


SO 


1 , 
“Calculated from calculated metabolizable energy values for 


the diets. 


Z : a? : 
Values are averages for duplicate groups each containing 19 chicks. 
Values without a common letter in their superscripts are significantly 


different CP e005): 
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was produced as shown by the significantly increased rate of growth on 

the addition of vitamin Bio to diets in which non-protein energy was sup- 
plied by safflower oil, beef tallow and glucose (P < 0.01). The addition 
of sodium propionate to the vitamin By, 7deficient diet did not alter 

rate of growth irrespective of source of non-protein energy. The failure 
of sodium propionate to reduce growth of chicks fed diets containing no 
added vitamin Bo is in contrast to the results of Experiment III in which 
chicks showed a marked reduction in rate of growth when sodium propionate 


was added to diets containing no added vitamin B However, in Experi- 


12 


ment III, all diets contained 0.1% methionine, and in the absence of sup- 


plemental vitamin B the addition of 2% sodium propionate produced a 


ie 
vitamin Bi» deficiency. Since a vitamin Bio deficiency was observed in 
this experiment when diets containing 0.074% wmethionine were fed, these 
results suggest that the vitamin Bj )~sparing action of 0.0267 methionine 
is offset by 2% sodium propionate. Although sodium propionate did not 
accentuate a vitamin Bio deficiency using growth as the criterion, caloric 
efficiency was reduced by the addition of sodium propionate to a vitamin 
B,,~deficient diet in which non-protein energy was supplied by beef tallow 
or glucose but remained unchanged when non-protein energy was supplied by 
safflower oil. 

Summarized in Table 14 are data showing the metabolic effects 
of feeding carbohydrate-containing and "carbohydrate-free" diets with 
and without supplemental vitamin Bio and containing two levels of sodium 
propionate. Analysis of variance of the factorial arrangement of treat- 


ments (Steel and Torrie, 1960) showed that source of non-protein energy, 


level of supplemental vitamin Bio and level of sodium propionate in the 
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diet had no significant effect on blood glucose levels (Poe 0405)% 
These results are in agreement with the results obtained in Experiment 
III and show that in the chick neither vitamin Bio deficiency nor fatty 
acid composition of the fat fed affect level of blood glucose. 

Similar statistical treatment of the data on blood ketones 
showed that the isocaloric substitution of safflower oil or beef tallow 
for glucose significantly increased (P < 0.05) levels of blood ketones 
with safflower oil being more ketogenic than beef tallow. Similar results 
were obtained in Experiment III. 

Results also show that a vitamin Bi» deficiency produced by 
curtailing intake of both one carbon units and the vitamin did not affect 
level of blood ketones, irrespective of source of energy and fatty acid 
composition of the fat. The failure of vitamin Boo deficiency to increase 
the ketogenicity of safflower oil indicates either that the amount of 
propionyl CoA formed in the oxidation of polyunsaturated fatty acids is 


insignificant or that vitamin B is still present in amounts sufficient 


ie 
to serve as a cofactor for methylmalonyl CoA mutase. 

The antiketogenic effect of sodium propionate when added to 
"carbohydrate-free" diets was again observed. In contrast to Experiment 
III, in this experiment the antiketogenic effects of sodium propionate 
were similar in the presence and absence of vitamin Bio: Since the addi- 
tion of sodium propionate did not accentuate the growth depression in 
vitamin B,,~deficient chicks, it would appear that if propionate is 


metabolized the amount of vitamin Bio used in its metabolism is not great 


enough to depress growth. 


Analysis of variance of the factorial arrangement of treatments 
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(Steel and Torrie, 1960) showed that as in the three previous Sack. 
substituting neutral fat for the glucose in a high carbohydrate diet 
significantly (P < 0.05) decreased level of liver glycogen. As in Exper- 
iment III, level of liver glycogen was not affected by the fatty acid 
ecompositionser the: fat fed. 

Similar statistical treatment also showed that vitamin Bio defi- 
ciency produced by curtailing intake of one carbon units and the vitamin 
did not affect level of liver glycogen, irrespective of source of energy 
or fatty acid composition of the fat fed. 

The addition of sodium propionate caused a significant overall 
reduction in levels of liver glycogen (P < 0.05), the effect being most 
marked when sodium propionate was added to vitamin B,,~deficient diets. 
The question thus arises as to whether the reduction in levels of ketone 
bodies on addition of sodium propionate to diets of vitamin B,,~deficient 
chicks is due to the metabolism of propionate or to the diversion of 
carbohydrate from storage to other uses. 

Statistical treatment of the data on blood lactic acid showed 
that levels of blood lactic acid were not affected by source of non-protein 
energy, level of supplemental vitamin By or level of added sodium pro- 
pionate. These results are in contrast to results of Williams et al. 
(1971) and Williams and Spray (1972) which showed that injecting sodium 


propionate into vitamin Bo deficient rats caused a twofold increase in 


blood lactic acid concentration. 
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GENERAL DISCUSSION 


Comparison of levels of blood ketone bodies and liver glycogen 
in chicks fed diets containing saturated and polyunsaturated fats both in 


the presence and absence of supplemental vitamin B,, have failed to pro- 


i2 
duce evidence in support of Sinclair's hypothesis that propionyl CoA is 
formed in the oxidation of polyunsaturated fatty acids. Studies have 
shown that levels of blood ketone bodies were as high or higher when non- 
protein energy was provided by the polyunsaturated fats, soybean oil and 
safflower oil, as when non-protein energy was provided by the saturated 
fats, beef tallow and coconut oil. In addition, levels of blood ketone 


bodies have been shown to be unaffected by vitamin B deficiency irrespec- 


eZ 
tive of degree of unsaturation of the fat. Results also have shown that 
levels of liver glycogen were as high or higher when chicks were fed diets 
containing saturated fats as when polyunsaturated fats were fed and that 


levels of liver glycogen were unaffected by a vitamin B deficiency 


2 
(Experiment IV). 

These findings are in contrast to results reported for the rat 
which showed that saturated fats were more ketogenic than polyunsaturated 
fats when levels of blood ketone bodies (Tidwell et _al., 1966; Chung and 
Dupont, 1968; Dupont and Mathias, 1969) or levels of liver glycogen 
(Tidwell et al., 1966) were used as the criteria. These investigators sug- 
gested that the finding that saturated fats were more ketogenic than unsat— 
urated fats supports the premise that polyunsaturated fats have the poten- 


tial to supply glucose. Thus, although the rat may metabolize unsaturated 


fat via propionyl CoA, results of the present studies do not support the 


evidence of such a pathway in the chick. 
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Evidence has been accumulated to show that chicks and rats do 
differ in some other aspects of their metabolism of fat. For example, 
the chick absorbs lauric, myristic and palmitic acids to a lesser extent 
than the rat (Renner and Hill, 1961). Studies have also shown that the 
chick absorbs fatty acids, esterified or unesterified, short or long 
chain, “by the portal system (Scott etval., 1969). “in addition; Feigenbaum 
and Fisher (1963) have shown that the chick unlike the rat, does not 
develop a fatty liver upon starvation and that, while polyunsaturated 
fatty acids predominate in the liver fat of starved chicks, saturated 
fatty acids predominate in the liver fat of starved rats. Sites of 
lipogenesis have also been shown to differ in the two species. O'Hea 
and Leveille (1969) showed that between 90 - 95% of de novo fatty acid 
synthesis in the chick appears to take place in the liver. In contrast, 
de novo fatty acid synthesis in the rat occurs predominantly in the 
adipose tissue (Leveille, 1967). Finally, Pearce (1971) has reported 
that fat-feeding has no effect on hepatic pyruvate kinase activity in 
the chicken whereas in the rat dietary lipid represses it which suggests 
that chicken liver is more restricted in its response to dietary modifi- 
cation thant rac! livers 

The failure to obtain evidence for formation of propionyl CoA 
during the oxidation of polyunsaturated fatty acids negates the possibility 
that the increased requirement for vitamin Bi» when chicks are fed high 
fat diets (Looi, 1971) is due to increased need for the cofactor for 
methylmalonyl CoA mutase. Thus the question of why the chick's require- 
ment for vitamin Boo is increased when fat is substituted isocalorically 


for glucose remains unanswered. 
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Previous investigators have implicated vitamin Bio in the 
maintenance of blood levels of soluble sulfhydryl compounds, particularly 
glutathione (Ling and Chow, 1953, 1954; Hsu et alo. 1959),. Recently 
Kowale et al. (1966) observed significantly lower levels of blood gluta- 
thione in rabbits fed diets containing saturated fats than in those fed 
diets containing unsaturated fats. They proposed that the lower level of 
blood glutathione in rabbits fed diets containing saturated fats might 
be associated with the higher levels of blood ketones observed when sat- 
urated fats were fed. Previously, Nath and Hatwalne (1950) and Nath et al. 
(1953) had reported that ketone bodies caused a decrease in level of blood 
reduced glutathione. Biswas and Johnson (1964) observed that, in the 
livers of vitamin B,,~deficient rats and chicks, the activities of glu- 
cose-6-phosphate dehydrogenase, 6-phosphogluconate dehydrogenase, isoci- 
trate dehydrogenase, and glutathione reductase were significantly depressed. 


These investigators concluded that the effect of a vitamin B deficiency 


12 
on dehydrogenases and carbohydrate metabolism was secondary to the effect 
on glutathione reductase. More recently, Nath and Nath (1967) observed 
that growth of rats and levels of vitamin Bio in blood and liver were 
reduced when ketone bodies were administered in vivo. 

Whether the increased levels of blood ketone bodies in chicks 
fed "carbohydrate-free" diets causes a reduction in levels of vitamin 
Bi» in liver and blood and a reduction in blood reduced glutathione is 
unknown. Further studies might be conducted to compare levels of vitamin 
Bio blood reduced glutathione, and glutathione reductase in chicks fed 


diets with and without supplemental vitamin Bio in which non-protein 


energy is provided by fat and carbohydrate. 
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SUMMARY 


Studies to compare the ketogenicity of various fats for the chick 
have shown that substitution of the polyunsaturated fats, safflower 
oil and soybean oil, for the saturated fats, beef tallow and coconut 
oil, did not reduce levels of blood ketone bodies nor increase levels 
of liver glycogen in chicks fed "“carbohydrate-free"' diets. These re- 
sults indicate that the chick does not metabolize polyunsaturated 


fatty acids via propionyl CoA. 


Levels of blood ketone bodies and liver glycogen have been shown to 


be unaffected by a vitamin B deficiency, irregardless of the degree 


ily? 
of unsaturation of the fat used to formulate the "carbohydrate-free" 


GSLeie 


Studies have shown that the addition of sodium propionate to "carbo- 
hydrate-free'' diets in which non-protein energy was supplied by 
either safflower oil or beef tallow did not affect level of blood 
lactic acid but caused a reduction in levels of both blood ketone 
bodies and liver glycogen which was most marked in the absence of 


supplementary vitamin Bao: 


Chicks fed "carbohydrate-free’' diets containing coconut oil grew 
slightly but significantly slower and had higher levels of liver 
glycogen than chicks fed "carbohydrate-free" diets containing soybean 
oil. The growth depressing property of coconut oil was accentuated 
when glycerol was deleted from the diet by substituting coconut 


Patty acias for ecconut oil and, in contrast to soybean fatty acids, 
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the growth depressing property of coconut fatty acids was not over- 
come by the addition of glucose. Studies showed that the growth 
depressing property of coconut oil and coconut fatty acids was not 
due to decreased absorbability since these lipids were shown to be 


absorbed to 99 and 92%, respectively. 


Results of these studies indicate that the increased requirement of 
Ene Chuck fom val camam Bio when fed high fat diets (Looi, 1971) is 


not due to formation of propionyl CoA during the oxidation of poly- 


unsaturated fatty acids. 
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